APPARATUS FOR RECCORDI NG DATA ON AN OPTI CAL RECORDI NG
MEDI UM BACKGROUND OF THE I NVENTION 5 1. Field of the
I nvention The present invention relates to a nethod
and apparatus for recording data on an optical
recordi ng nmedium and nore particularly, to a nethod
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10 2. Description of the Related Art Recording data on
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Hihies cBRRdeY b0 ArHEtaE RIRSESOr2aN GmOPRgS Pheseyjs formed in the

r%ﬁ@ﬂ&yéra%@é nhé‘rk '15‘1%[9%6%9 d PreaseliManby o@fheaphase -change film.
reproduci ng sign However, in a_ disc on whi

phase- Meiheisnépre ielcﬁfqulQ clgia 6an he divideshivp a t"l’ﬁﬂ‘ ‘?d&e recording
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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

30 the leading edge of the mark such thai 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
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1 recording Non Return to Zero Inverted (NRZI) data

are shown. Recording waveform(a) is for a DVD RAM

recordi ng waveforns (b) and (c) are for a DVD- RW
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(%3]

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.



[

10

15

20

25

30

21t is a second objective of the present invention to
provide a recording nethod and apparatus in which
data is recorded by a recordi ng waveform having an
erase pattern which can i nprove the shape of a mark.

It i Sdﬁi i§ hd Eéc@’gi ©b}e'cﬂﬁeh©z thgqaréfj@rﬁa'ntreﬁtrmem bm\zr,iiqc_teOa recording
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met hodPfeferablyc datdi ingeckidad aacerdingploi Bun Leagtbrldmitgd (RLL)(2, 10),

ggrﬂ% Ig}igl\gt} (ﬁq’gl ?tgﬁﬁfng?q@orfg tuglg 2(2 :Z% 6 ﬂ%eﬁgagﬂﬁz data is recorded

we\saharkmahd v segond Ieareaefqarpdeiben nneddiﬁi:éh datagp mcorded as a space.
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b&r\me&g aAnkdsed dor ee/cardmgfdétheomilem bﬁhcadalte@oﬁﬁngi negda®, which
u5| 2(% the generated recordi ng wa

p)gengqagﬁg c@gyn@alg%ﬁte@cq:gléqléja&gba gsﬂergdﬁg a recording
v e?fd?m'—ﬂam ﬁ%eﬁn %F%lsle)ﬁagern éQﬁtaWnd;t}HLﬁtl -plilse dHAS4 recording pattern;

er ab ower eve | eadi ng pul se of
anhd (e )rfag"elnpea first levekof thadligiehdateas a grark Iﬂéd HeIMIng guiesend level

h
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| evel Bfefelablyl stepsria) thodsgh @) atdbadsl en Bue Lesgtte Limitegy(RLL Y2,

th i,ghb.level of the multi-pulse and the power
H@/@Tﬁbp( Eé trailing pul se may be the high | evel of

t he nmuMokt prefebly,Tine mﬂmﬂe\}e&‘belthmlbatiing pulendi thg gpades pattern is
of the erase patte
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| evel of the | ead |nﬁwu se of the erase pattern may

be
erasehpafternduay befthe highrave! oBtheptugiepise aﬁﬁéhﬁcmé\fer level of the

ttr%\éﬂhﬁllsé r?ﬁa g)g'.ﬂhbnﬂgﬁ%\%ﬁf JFBhe DG uliELIS QW THRY Bbw8! 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 leve! of the trailing pulse may be the Ibw 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.



10

15

20

25

30

Preferably, the ratio of the duration tine of the high
| evel and the duration time of the |low |evel of the
mul ti-pulse is substantially 1:1, and the duration
time of the high level is half of a clock cycle. 3 It

i s ef f gqsigffectiveathalt fin st@p(a()ahetﬂlm & Vel SO dr@&@tbrrﬁhed NRZI data is
predeterm ned NRZI data is forned as a mark,

and
J@r@gﬁct B atharks @R step, &) the Sﬁ?%l@é{ﬁh?fr%dﬂﬁznmat%ﬂ data is
|f§rmgoog,§1§g 8sc a space. The recording waveform incl udes

a cool 1 ng pulse and the erase pattern 5 includes a

part offheecerdisld wgvefarrsencludes @ esdlisgtpuwise,tant ther ergse pattern

TPEAE, b S g Bt I BrdcivedRa iRy elbigagime of the

sioghved pultslaes mbssathianrmrtgrmieofhmlmsmeadnﬂmepmdnkmg Bdgerohthe NRZI

e e P el A 165 BB e et Pt Boroases

tmgrgmgh 10 Ievel and a low | evel that are ad] ust ed
by the duration tinme of the |eading pulse formn

r ecor dPReferaily, arunit aulss eqnabiiufing o dngludest inithe 'Tﬁ&ti'f’télﬁﬁ Mes a high
h%\@ nd! £S5k 1EVR tH e %M&Eé by“{l'%oduﬂaﬂoﬁ(iﬁ;ﬁ%:gt gﬁnlsetaﬁﬁlg pulse

ove objectives o resent” I nvention
goroving &k wcorjingapatters. f or recording data on an opti cal
recor dpngormii) YR LA, pdBhRSLUIRS PUEEOL Bk

wavef or ich genera r écor ai ng
wav ef oAmohacyang)raﬂlshrtaeeauwbtcmjectmembame pgesant invention, there is

nultl ul se and a .recordi.n ttern;

PO AR LE 4T FRrng oot el rBeBH e gecium, which
Rslidey ac Gesstiig Waveldh® @enerstihg dufie 0ohigh n@ema@&oerrrecordmg
so that a mark or a space is forned. Preferab

ApysfQusadng an .eaﬁ%ﬂ%%tgera Cceni@eg armlamp&ﬁeoaﬂ%% .r%cordmg pattern;
Vg?l'dcg] BIC%Q Qﬁ“ﬂ\m?éh M@sqgﬁ& gaha o%@@é’l'r@@&dfﬁgor%ﬂﬂﬁ'l according to

out sl out puts genera data to he
tee gederﬁ@dmewgéeferrmso neatienmark @r2spaecehs jormese

pi ckup 92% c
recordll:)ﬁég\;;1r me eru sﬁ]nﬁ@ %Q&%%EQ%IDH@&%QQQGBM which
mbanselt motihlet@pdataabrovrdedoirdmn@eneutiamlm andr@adputsethus generated
I r, be re cted fromthe optical recording 25

N3 A B e ShoBoctr Yo BRveBt6 BBy r o) < ha ot or

and t hergipidbal theepidkugnehitd ind kiker admo¥drn@hivhr estates the opfical
whi ch_drives | aser device ins al | ed kﬁi'st he ogtl cal

Keerrdingrmediysrser priical eadt g0e to the optical
QQ&&BF@ ARl VR NeREREs QhsdrNBedths SBMECteAVIRIH ItAB dptichl recording

becone
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

L
The above cobjects 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

4
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30 nore apparent by describing in detail preferred

enbodi nents thereof with reference to the attached

drawings in which: FIG 1 is a reference diagramof a

recordi ng waveform according to prior art; FIG 2 is

&nihiikeni &hapredentinkestiungi ng apparatus according to

a preferred 4 enbodi nent Pf t he present invention;

FIG 3FGohshams erspmeier H‘mﬁﬁﬂker%ﬁ'{t%t?f&iiedﬁcqrﬁ@g apparatus

#Epsd:ng apparatus of FIG 2; FIG 4 shows an

exanpl € of a waveform gener at ed by a recording 5

wavef oFiS. gén@h@ﬁrﬁp axaguile ; of FRGwaseforowgengretaseby a recording
v km gener at ed by the recording

v}%@e@?or %neegatr .an‘% tircuit; FIGS. 6a through 6d are

wavef oFiG 5 showx ainathair regaﬁmrlﬂ of & pes/efdrrepgaseratquaby ¢hensecording

accoEﬂdin&eto a pref erred enbodi nent of the present

WAVERRTLgENefat! 7e and 7f are other exanples of LH

of FI Gri®s; 6kl ﬁﬁaug& BArfeoladiorns iehareiainlg feUrkpes of erase

recorded in a sinmulation; FIGS. 11 through 15 are

RS aosawlingta & prelemec embpdisnent of #e RrepRT iRyaRtion;

FIGS. Efisd hréﬁaﬂ@ﬁé)reacrtﬁe%embﬁes%mvw of Fr@%a

characteristics of and 21 is a

f 1 owch&Ht@S sthtwbug) 310 aee:ehanersg:fmrh@oecmw idiangimudatign;

pref er ' f ' QL } i
bEScRI B on CRFUSE PR gspttls RBREY th HEFRRERStps of o PVD-RAME
bl ock #iGgr tértlodbugh P86 @oe draphsaghpairad the ceractdiistipstod aaDVD-RW;
%r@%ferred 20 enbodi ment of the present invention.

erring to FIG 2, the recordi ng apparatus which

forns arm1kuscwﬂ@ncm $Howing aGetsidng meticdacitRiilde & preferred
pi ckup unit 1, a recording waveform generating

cﬁ”r‘ ipent Ofath%ipées@ﬁbﬁ‘ri%'ﬂ“%dul ation unit 3. The
channel nodul ation unit 3 nodul ates data which is

i nput fromthe outsr de into a channel b|t stream The
recor di ng WRSGRIPHGN{r AT ; QPBIENESt he

channe S :

for reflfd i P@E@%’éﬁ. @Zdﬁ%%ﬁﬁdérg %WE@FL%&W‘F@ preferred

reatmrdiinagt wﬁethefpmsen@mvenhrhred Refewsingi tngfIGoZ MBeemrdB‘@rﬂpparatus
ntflon has an erase P } ern.havin &5%

ﬁ%r{*ﬁ] chs a maik on an optical recording me ud 2 as 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 siream 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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waveformw || be explained |later. The pickup unit 1
applies light to the optical recording nedium1l
according to the generated recordi ng waveform so as to
forma 30 mark or a space. FIG 3 shows an exanpl e of

aacorapigewavdfein genefatingeirceit @ dand G alﬁmareahuﬁiu!azér 8! Grhe pickup
2. The sanme bl ocks will be indicated by the

Bted d¥Se aniRi alls f%{naatange ag Ppticak Hfsén%@q o \Mﬂt'Pa]bEead 13 for
Q%él@lﬁ& Ia@fli@hf Pé’ﬂ%cfe% d:rh@the?’ ogfl(ﬂﬁ di ﬁ%(ﬂ'a"‘@e@@%@ﬁ Y3 for servo

i ncl uesaplc up unit 1, record I Ng wavef orm
gontohand@ lesercdiving cireuid ”anflﬁiaIMWGIa laseutienies (Bt stipwn) installed

ﬁélgl%éu%&?lépheadl@as a notor 11 for rotating an optical

an"optical head 13 for receiving |aser
i ght Teelahaned motolatdre3 nmdudaies thpad d2@0inta asearmel bit stream,
a laser driv

circuit 1 r servQ__ contro

arccteu Mgl g Mg PRl L ofigrudh B2 generates o
irasdrdigeflavdioin féhecomling RRZNeath 33d pidedesh®enebording waveform
nodul ator 3 nodul ates input data into a channel bit

de thaaleser dMiNd et ¥ NRzI  dat a. The recordi ng wavef orm
gener atrhg sce'rrd?lU?nP cﬁ'c.ﬁr’fgrf R%thsglaeg bg@gﬁ{rglflﬁﬁ laser with

for recor ta an rOVI es t rec
mmr@‘tbenrecamect raeorche@wadeﬁovnng circuit 14. 10 The

| aser QH; n?“é""% C%/\J* %x]aﬁug? avﬁwa]lﬁn%r g%ngrel?e%e a recording

cont r ol he recei v recor
mf@rmerﬁralngﬂfcnsdumws an exanpl e of a waveform

generated h recor di vef orm gener ati ng c
Referrhege o fo EFE N2 il -0 SeaS iR figblftigh method
GlHé aﬂnbaﬁelrrmbheldtorlrﬁ Ofhait S, i€ e Agdd ulERidbw| mtemOd&s a lmm Length
if the nodul ati on method is a. Run Len

(LF%EL?‘! ARLEOF, St et Mheiaods kaat is. Sersedhal og Bt o Fourteen

&&I}I%’%@om §, &E60nt Mfé‘u%é(érf’ghgﬁﬁﬁ%g pﬁu&'{EFM‘P) ':968[1539ﬁnd Dual

tm@dutatmrnthﬁ rrmlmurremgfmlemtfeafsﬂamdtthe meawumwa@srlﬁngth is 117Ts.
t T
§728) D51 S mgelifn glfiod: gisglofed i OLEN DT (g systom
CA28GB Capacithyd anoedndad lbmt\/kiimmmta in OpOptli Bala Batage (ODS) 2001.
ora al, nod |s di s d, d «
RIS kR Tosed oh KaSe batis dppitafiriflo” $iagd -an RLL
a&Jolecalbatiormeieiagdi, mawlithtidn @rﬁbl aedwodarmdulraéthoa amd defhodulation
and denodul ati on apparatus

@PREFEYS NAYNE ApRIVEH L comr@lgreg 5§pqtnlgy,r ?@gé}ﬁe present applicant

W'Sbc%teﬁﬂeﬁqgﬁe@r\%”% opER98n 28dNoRERBEREPOMN  If data is
5, Novenber, data i's
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,

6
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25 recorded using an RLL(1, 7) series nethod, the

m ni mum recording mark is 2Ts, and the nmaxi mum

recording mark is 8Ts. Wien a high level is fornmed as

a mark and a low level is formed as a space in NRZI

dahgis 0.8Fs.r enpr@almemmmmf el lasiepise Remirdj &gecording pattemn.

pattern for recordlnlgr éf ga7TIenth an erase

T&t tRgieated rthe owigih Jddradips JLim a3 ¢oPlKggPHIseand hg cagling pulse

f&@éﬁo@'ﬁkﬂn%‘b@i‘%d BAttdrB 49! élﬂs@ paﬁéﬂﬁ Oﬁeﬁpﬁﬁdub%gttﬁe width of

The recordi ng pattern i s conposed a pul se train.

Anserase euldpatse fopaingeameiasefpattes vlmtlhe arqa@lnéerrtbpdlnnent Temp
wn T | t

ﬁ%loffﬁ% T§fg [b&‘il‘;gfégaé ggrrloedcfggrg %goﬁw‘?ﬁl& n I@ﬁg)@hg{a% tr%nsﬁed from a

rmlvtlevepuﬂ) smlghndh\eatcea paint (blaasdf fmﬁqamsé)%hé‘raalfmg m.hrfe forming a

sanme W dt h, and Wer. t he esent e

Faeeloo e ST ot B 81y RLRTICE: dYeBAng IpBVERlgvel of an erase
pakteeh. f oMzt Y a8 SheeAridiFNG. £at T€ip ks gre};eér thas 0GXe&fmdt d fhulti-pulse
width (duration tine) of a cooling The_cool i ng

e.
Fgntadnedoity i gEaserratiesn 9@@%&8!%'%9& BB? rthedexh T@‘pﬁéﬂs from high
@fél b f-{ﬁé%u'ltﬂﬁﬂg@t S iEhilY, qut'@éppi% Iesasnthgh@sﬁs and a multi-pulse
nul ti -puc1 se formng an erase
eobtinereint an Beage HaiternOergivsat Iwr lpveinabbamesﬂext Hefn mcamtams low

e | data is transited froma |ow
Ié\(oﬁ@j% qéﬁ%mgﬂ 'F%ggz to a point (start of first
pul se) Fiteh shows rasibttanlexaenipby of agvavefsrec gedentedphy thesr recording
star S. as an i nfl uence over the power |evel of
as(y@vgoc{gbgeﬁg UWhat is, as shown in FIG 4, if

Tsfp | Re@drAAG & Fkbaen an&wTﬁweanglh PVl bt NRZUISE: is formed as a mark,
contained in an erase pattern ends at |ow | evel Pbl,

e H@(t‘o"‘rs'ﬁbe%tsafqrg'eﬂr 8 %i fpaCce0 theverorpipg yavelegm' includes a
w&aw.n@%aﬁgrn Mragudiin a b ril 8f £ 77 Sed 8 Sart @.%ge%agéﬁma@%rmmg a

a nmulti°- cont ai In an erase pattern en
|space ef/eI5TFl’%lhgtht e amorcn@g patiainfoaraeordiogva mankeif arpl length.
of the I her | e
\/\/aveforméglte?r?ce)ﬁgljtligjakt)tg ﬁse%rog'ﬂ) da{gggpgv\gl\j/l(se?)(;t?ér]np A%fo, The erase
gatterraisifognad withiiatpuldstrate fasrshiomn it intéival G5, Tmwipdndicates the width
hi h |evel of, NRZI data is fo d as, a r k and the,.

% uflipuise topised Jecardg Satf, ol o mytEilad dfticates at
Iléh?dtltﬁﬁspﬂse reemgdinads4ras tvidih Asd poeenr dhnble Predark éthbodiment,
a 7T. length,_an erase pattern_ for for ace

Aaris GAaden, TRARAIGATES e widty Of)gietlé?’trpl’fq]  rging: .r?@@ng pattem.

ni’%f Ifnd:?tf:at@s %Ee' wRH &durﬁh@n NReer df %gcﬁé‘ﬁr{ge?ﬂlsles IPBPESAg pulse
of ul'se train. he erase ternis

25 fecxt fdra 1 recpidingepatien Ho a8 ejﬁmattwm nifempandicatesripe width of

30

i'cates at
Temp is O. 5Ts Tsfp indicates a period from a point when NRZ! data is transited

AOEEALRURIE Cbficuiliing’ afl rbbc PSR | 9 ThEr8sent embodiment,

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 Pb1, 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 Pb1, the next Tsfp

maintains low level Pb1 of the multi-pulse.

7



| east one pul se having the sane width and power. In

the present enbodinent, Tnp is 0.5Ts. Tlp indicates

the width of the |ast pulse form ng a recording

pattern. Tcl indicates the width (duration tinme) of a

cool i nFIE8| sa. tthSlﬁgmedlérﬁgwevéf@ﬁnaﬂ‘oempladﬁnd foum Bpes of erase

recording pattern tq an erase. patt ern i ndi cat es
tn@étewsoqq?ogqmg iha @f%f%e%ﬁmhodwﬁ? H@ﬁ]@ieﬁgg ’PYﬁj‘tQH

erase pafdRhE 1o FIGEhEa FHrSE‘@F‘Bd eﬂﬁ’@%ﬂa@ Bhtternd %%Eoﬂd%'gzthe present
0.5Ts. Tstp indicates a period froma poli nt

daventiop aneagiyideddntof fasin tipesvia) dursl () dld, ke)ghL) evéi(d) L. The
ale] S . ' I
Qe foes B 8ege Hatshisirs Hafl 8" 6fuds &b "t B difergnoes can be
|ea‘si|§uemmiermm tmstp(fa/)eltHl lednelateSOtmt the povas eofptiiet ading pulse
That. i s S eat t han .
§08Hab ZinSs8 Hater fulhecbarta as hedoRr el RroEtng. itBing erase
eRAlS-pilisel and Iaﬂuethe%lst efds@ marttpuT§é porﬁﬂﬁg tise efars@npame@ﬁ ends at
| evel Pb2 of the | se. Meanwh if Tsfp

Itag dow jeyRl Bb‘swtﬁe @ﬁwealeveb@ftm%@!loy@ng: Eﬁpaﬁ H@jsarne aﬁ he high level
!
10 P56 tﬂ@térﬁ ve Pbl@“g’#—il-?ﬁﬁjlca?%élth hfe B&R?é?r %ﬁf(%.leaé:léng pulse

mal nt al ns _
tforing fanceraae eoattavefsothﬁsaaﬂm agxthe digh @ge& Bliz of Jheefollowing erase

RS20 e A Bl Py P 6L Ry SRR s

@he higreleeelbBe2, bt tleveh of atmfuildwn@ Tdie cpniraastto be as the high level

A B B0 bR, L S el B8 ot RY 1ding puiso
15 Hairhifg h &faSe RAtISATisOMecddntd s the hii:l‘evblhlebﬂ iof trey RMBREg erase

3]

can be easily understood. First, LH i ndi cates t hat

tRdtigsdaer and Sitek e gt REPSSUMyHEI-p ‘#'é? "AiNG AN pERSE pattern ends at
Hﬁﬁ%'h el d PHE thﬁaal@??lacﬁ tﬁé‘ﬁnllbﬂﬂﬁd ?s\fﬁ is tHBlsaffe &he low level Pb1 of

WI ng erase | se and after the | ast erase

rthé erageumedi-pusen ngnalbve @rlds@dmtetSeiihﬁt thedeovegr oftthe leasling pulse
lfﬁl\f‘ﬁlhgw era%gﬁ)a[?t% th%vg%lm% {F)\g lB?f' Ileﬁe B PR fotlowing erase

as t eve erase
20 mliititputad aed aftb) tHﬂHIashdramt msltEmdse forenippwer eofset paitern ends at

GRS B, 2SR T RIBTR T Sphuhes i of HEow tvel
Pl e thelerddeembiispulsyg.ase nul ti - pul se form ng the erase

Fol | owFHEOTEs A8 HA AU OB OF W TR P oReTepts to FIGS,
Ofe érﬁk??ﬁré‘)slgﬁm i’h'e é&‘rﬂé% (a()Q)H HFFIG“E eREQH thﬁlal'enﬁ;ﬂe the duration

power of ‘the [ ead |ng pul se form ng an erase pattern
25 |tgn¢ nétl@%mmra@vehé’b afran écaﬁe piti-pglse fermiieg |2oayge is 0.7Ts and

ﬂ%}”otdr 1N ﬁr’ﬁeac?dthéfliyﬁrle%]q:’ﬂ)ﬁ%? td %?e?saet mutl_tlhpeulse, is 0.3Ts.

ormn he erasée pattern en
rmgdn, (If)eMéB 534173 sarhe ase(wélLl-bbf Flﬁa &, eixcepti thgt thef ¢uration kee of the

a'l Q{nilqvﬁl 'E’E%fr e |0ﬁ’\3§\|é%{t q:fth§ 8? Ig@we?lﬂy% t%gﬁ’” SRere, the ratio

|Faeirpd d4nid Temp2, that is, the ratlo of the duration time of the high level Pb2 and
30 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

8



form ng an erase pattern is the sanme as the | ow | evel
Pbl of the followi ng erase 20 nulti-pul se and after
the last erase nulti-pulse fornmng the erase pattern
ends at the low level Pbl, the |level of the follow ng

Tispfoveant ilmlpaﬁrcbﬁarbm tlﬁa tdmdwgwtm&irms%omt int e embodrments
erase multi-pul se,. are ot her exanple

Slosoipa abpes, Tba durglB I gf s Riahdevel Abmand 76 qisjovel Pb1 of
Lth@ drsd %Iﬁﬁﬂ%eaﬁ e{(ﬁﬁstéd'lvﬁfhlrt:lac%co%e s&eRh 6.98%s gnd 0.75Ts for

Tenmpi, the duration time of the high level
alockr eyske hand apisulr@t@nf m’ﬂma@grcmna;ectoether feead cnwcmratlc of the disc

&Y% S%’Sﬁ%&?fedd gﬁlﬂéléquret h‘%E%r%fra&g%t,C 0\4/ % ;68!.1?_\58 ?'5 r%E)I‘qet ’Fr?proved

sanme adMdamwhilé] offorinGtiord, orextrmptfouhatypeheoﬁueraseopatterns (type
ti of the gh le Pb2 or .the | ow | evel ,Phl of
HETERUAD ey (S R0l &1 8 BRChiB AR Bhe FeROYGRblR oo or may be
TefRdedinta WBBBIR sidgritdbsiohe df heatiat ihdr@ktibh ReMy! alr AR case, when
time of the high Tevel Pb2 and 30 that of the |ow ]
|dafeis msprdsd, rerording Seratatus readssiupe dfaimfion fegre the deadl-in area
n af 0 Y, ( :

10 gjr?e | ﬁ]t gg%r@égblThu%ﬁat %g\ﬂr edd'@%langné\ﬁgv@t or E‘Fé acc 8?Q‘H8rat'"g .

toornelpondieg wiaveforient i on has an erase pattern

i g1 By arcBRs" U Flf hos of i5pe BayEtechel Y used es a symbol

dnditatirig Xninafs spdee dfraadibt og tredkind @f aamarkswhérs data is recorded and

TREGvESt. TP AP erese DRLSTP dbat S Saareate. the speed
15 sirevrnsct asuh@erﬁvF@@reraerﬁaﬁtendesm mh&%reamﬁae spéde”

duration tine of the hj | evel and the | ow | evel
Pb1l of In oFierdpasst thgl ‘Fffecélﬂf§@e iPseseAt drvesdon thei shapes of a mark
Sr@@cﬂ‘@eg% VL 8t Hatfon wa8 ¥bsBrna& TS 'I'fhgrstﬁf%ltlﬁé Kus¥Cneth&: simulation is
uration tinme appropriate to t

cihewadn éabledi c The diseaisgidde tie awlat@nst@tsat-éayered film structure.
Therefore, the characteristic of reproducing is nore
i nproved. Meanwhile, information on the four types of

20 erase patterns (type i nf or nehieoh) nmay be recorded in

a |l and Nn_arnn nf A r A~y dabhl o di oo oF
a—Cat—+h

Cnel uded | ﬁubs‘ﬁ'%bbl ebiglleégfrri]cgif‘m a‘Regorgm% ; b Die dagtr:c fitm [ Reflecting

informati¢on items. |n this cade when data is |fim
IMEdiai€d, | PECOr dI NG| 2f3PS0AT US| SbemdS T yPens-Bioor Maf Addlioy
fromthe llead-in arpa 10 or fir r oM. he wobbl e si gnal, ’
and fornsla mark orla space ly deneratr ng a
JbicknespondPAg™wavef ptami n add#®mon, tméSMbur typEEmof
erase patterns nmay be used as a synbol 1ndicating X

times speed of a disc or the kind of a mark when data
i s recdhaéeepratifipnsr efpined sbadationgr inelugdapl @ wavelengitn9é 405nm, the

3 rnof"%yedgl?(?é g@A Co.651 lirrégén\*velddltg oI RERE, Woﬂi‘er% observe

cusrn erasep mul tiple ti
Stbetsﬂabe of a mark, after a recording mark of 8T is recorded the next recording

[&]

25 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

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



1

10

In order to test the effect of the present invention,

the shapes of a mark recorded in a simnmulation was

observed. The structure used in the sinmulation is

shown in table 1. The disc used in the sinulation has
dbylthbayer ae recomingt wanafoime. [2Rewiss] e AIGSOP&H Ishb®s a mark formed
Dielectric fil Recor di n i electric filmRefl ecti nlgn having a

oy ther pimu'ation, de) ghowe az?@DfS?‘éf@“@b by Feegraingpwayefo

arhsy %rﬁ%’c&rdlrﬂjiocthﬁ‘iﬁésé?ﬁ ‘ﬁWé‘n%@@rﬁ'ﬂdl(fﬁmoL@"Mﬁ fdrmed by a

The condltlons of” the sinulations includes a

wacedinggravelerna 0aying thepriomantBér etese madtetrur d8 FI®AY0, (g) shows a
: [ (o7 f

3R, toBe) By'th SBhulkRb G ) ¥pBls oSt & Sl thE maricof (@) by

dhe &Fases patienr sembrding do riba tpresenridverdiod) andr(l sifowsTthiesresult of

recard d b o&e(réo‘g?@jle{]ﬂ? L?d'ﬁE) the reyi ous recording

RS Qdarg P48 conpari son
resul tSI'aBIE Phehded khée heerametdrs Noft ltein Piiliv@r uséd tin a simulation for
recor di ng wavef orm was used and the mark shapes when
tinfernretF Be#lg  wavef orm according to the present
i nvention was used. In FIG -%bl 41) shows a mark

(b

formed by the sinulation, a mrk fornmed on
(MeteriBy a r e¢ =PI 30 wavef or m accq W/%@Klo t hek(WicmK)

present inve
9 by the prij

Hti O1T;
art _ rec

and—(g)stows =

di ng wavef g

mar k f or ned
rm Likews

on (a)

&S (d)

§ﬁ%Q/\5ana

498y ed by

2082 sinmul a

(e

(SB)Tes hewsctia

20Ty had

shoy

s a mark f

mask for med|[dHis0a recor
tern accordj ng to the p

med h\/ a

11r2g5 wavef or
resent inve

M0.0G5e1 ng
Nt i on,
/ef orm

P8l g eytpRtic

pfPH art DG

2¥8se” patter

necordi ngwa

85I n FIG

480%0( g)

showphash mark fornmed b hows t he

TASHG Of ETggfgIy the
pattern according to the present vention —an
shows the result of erasi ng the mark of (g) by t he

DI i O _ fickorRig 8587 0RAhLRHEn A H18808SnEh 10, itis shown that

paraneters o ns used 1n a sinu

ithe drajiingt ¢dgsp dletie. madk frabled by thet recouling\waesiorm djayingnihe erase
I@atéﬁ%g&mﬁng o %ggﬁes%'npﬁwv%n%w op (b9%9 F%Goé E'_?s geﬁé}ﬁtﬁan the trailing

15 edge of the mark formed by the recording waveform having the prior art DC erase

y the simul ltion, (h) s

oot () g asg e eTas

1]
[

pattern of the prior art method of (¢) 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
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,
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 0.80. Then, the characteristics of

is repetitive

10
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10

20

25

30

Sb-Te eutectic 1.650 3.150 1.285 0.0060 (Crystal)
Sb-Te eutectic 2.900 2.950 1.285 0.0060 (Anorphous)
Ag alloy 0.170 2.070 2.450 0.2000 Referring again to
simulation results of FIGS. 8 through 10, it is shown

trbadrdirighepiodaicingnaccettiieg @b thid @rasenk ifventied weye tdbmpared with the
recordi ng waveform having the erase pattern according
tR5iof RE RFE8Ent i nvention of (b) of FIG 8 is better

than t 'FR%SV A lthid9gh 1 e Hae gRiphs oI iHe® ERRAcRYistid€of the DVD-

recordi ng waveform having the prior art DC erase
p¥Mer F1@$. fhehiugbr 1ashowethgoigabires of nswer| and §mel pk eecording

(15 £ B8 5P S e oA SRR, 14 anc
t¥heshqw asEoved fetures ah recx)rdlsgwsar@ alnmndmg weveforth oﬂthe present
SRR en 18 G olort® AhdSEabPH B FhPeRE TG Vi respect to

D@I:érﬁfr’@ ;?&Nércarme@lra\setd@vaelaereep@aﬁeryufdrlth@uémdq §dg’§€tféiling edge,
is inmproved conpared to the prior art

@ne kathsegespr Markfthgdwier altdeerase. #@seﬁd @géa) and 1'th), 14.5mw
RS i 3& uSéncw 4r38e ngeF nereséa@&egfforaexge;meﬁg be
uce . e

nore r I'n order to experinentally ve
ef f ect FEESt heapd d§showithe eraasored repaht%\néhepﬂonee@é}ielrase.

5. oo R 18 BOR 8T, AR ISR IGTT B ) ey BGF R, B ine most
vizeferatie pitesrecduafacmmstnci@& Eh@emwlean'dfm &8s RviD-vitin Tsfp 0.4Ts.
18 BioctSA%, BB HE les0 L i ich 838 he cyte s 0.7

char aCB%Eé&blnCtﬁeqfarérﬂQ@S bky@imdMally obtained in this way, a mark was
record| n%]/reprodum ng according to the present

R JEETRAr BEVRIAR Fg‘émg pieofousr tPRet ${ograse patterns

F e@é'lbédlaﬁcli\feo'éﬁﬁ tﬂécﬁér%c&'i'léﬁ)&sofsme%rﬂ%ot M&rk were measured as the
characteristics of the FIGS. 11 through 13

dJolowinte features of povver and t| me of recordi ng 5

usi ng % e@pr b vi ro r|]|s 6t BlPRRIr &:o%ing to the
Y At oy hiemle ites

prior ow | Mpr ove u es
q:fresemmmgn abmwgw&Fl@s@ordl ng wavef or m of the present

i nventipon. .In Fl , .(a) and (b jdtte

char acFEISTERg 48 NI 14+ Lo B9 Tnfo e 3Bt oh Eharacigrigic is good
eViasterceontifig using Faeﬁdobbtﬁhg’ walveforinheith aadrage paigan, i.e., any one of
trailing edge, and th ed ]gamarklntheP

doyr fmeeép skaseppattsan Ot‘fa)mg-gga gby thesPissgpt ipyenton.  Especially
refeprin RapRIFIC aad it G SRR IRt RPNEDe W IHR: 158t 8RidHG theFour types.
experinmen

Repfernng 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 5SmW 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,

11
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10

15
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FIGS. 12 and 13 show the nmeasured results in the prior
art DC erase. Referring to (a), (b), and (c) of FIG
12 and (a) and (b) of FIG 13, the nbost preferable
jitter characteristics are shown when Tsfp = 0.5Ts and
wiseacidbf ip the Gepklisive rélaoeadidg ¢hatactdrisécs aspetj i tter

char act.er| i.cs, ood n . the cycle i

oot ahiEs. Ahubiugh D A bR RReng leleriaticiBlstics of fhe DVD-RW.
FEal Nedinkdudiis ShaW the feaitlre¥as pd‘vwrrmfdj Winkehott i‘é%ordlng using a
recordi ng wavef orm havi ng the four types of eras

peeardingvavederst wilk @ R svase egitero i9é PBWa@%cﬁ@r FI&S. c1:9 aiyd 20 show
iﬁlﬁsﬁ\%\%@%{@ o r@@cﬁrﬁmﬁg@g £ @idih ‘\?vafvtaquhoc‘f{’f"tﬂg prasefft invention.

tter ¢ eristic our "types
accor dlmg'lCB 01& He) aad (Ip} shyn fittemokaracieristidsowith |respe|ct310 recording
rrin £an bglnferredt

PovlEE AR apde PEpek Thandtevgl 57 i B eChId e Gypey and born

reagesobfng wamefironine wrich srh B¢ asres@at Based on. @), amnyb), 14.0mw
one of four types, of erase atterqr? Iggvvn in FIG 6,

JECQUHRI RS 3N QY RIP3% POWEHWETEe§ referring to
(a) of Fid& 1724nd 18 shewIheWeashald He%hﬁé/iﬁQhé %:nblh@rt D)@érase

anong the four types. 25 Referring to (b)
when t Refesriag o $eﬂﬁandr%dhwmcn‘»tﬂon%fe@b&éttmharacteﬂstlcs are

RALRS BIFEP: @ozﬁetéh% phér L r(‘JV@‘s' ORyd @aé‘;%ﬂd if 0.55Ts, and

erasing a na ar ac istics
At Ria8 goollih JI.Odharch |1§sthe d| fference between the high

| evel _and,| th r

shown. BE0ed SR e RiranRer BElieTall bhipkRd R dridvay g mark was
ddt)]lfnﬁ@:r avithe: théGeEdrfﬁng%ﬁ/aSbm?] hbapgl’mtaefour types of erase patterns
characterjstics the results o

636 GPP YRy BRI JoRSBHG e re reRBReHicR oW ipefasmed mark were
havidiged BE ey RI6wiRgt tern according to the present

|nvent|on corrpared to prior art. Referring to

it is E43i19shawsehstigercharastelipias of thafauri weérsagwa i HlG. 6.
using Ha,-?erﬁﬁ@%@ Fig! 1‘19 Py §ﬁox§ﬁ°c9étdLlfig\gSé’|§ Béﬁsﬁﬂéng the four

i nvention e resul 'S goo ecCl a y I n
rtepast | W hen thecenade mgttemaﬁoaneéMl&nmesermmtl-pmswccqremg to the

thro h 20 _.are hs showi ng th I eri.stics aof
e Bh i R feeBnfig hebe TR dTPTRIFRLBIHIGTop PorPo2 -

ﬁﬂy’ﬁﬁrvlﬁémlstthgﬁlfﬁéﬁ'eﬁc%%tﬂbéﬂ thEShig# Ié\/el bRE MWl idV@I of the erase multi-

waveformwith a erase Batterno r|or art, an

Fuiss: is BhowRd @mcgﬁbwcbar slierafecsiagenly ﬁgrw&%ﬁr@mrﬁgﬂw 1mW

%és%@ct%@%g %E&d’ﬁlﬁ’rﬁlﬁoﬂ@o pelhg}:eer%%gﬁgﬁrbt gt?(cﬁjsbﬁriggt—fékpenment

with réped0 tsdmoweccblmju jittpr pbmptealaunser@fs@momults of repetitive
gg?tﬁ%%tg/r\é(ﬁr ’ucerus ng thleergg(i)r'a%ge&ﬂge hgéiﬁé ltﬂéqgra%g%%tteﬁpgccording
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

12
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edges of a mark in the prior art DC erase. Based on

(a) and (b), 14.0mN recordi ng power and 6nW erase

power were selected. 10 FIGS. 17 and 18 show t he

measured results in the prior art DC erase. Referring

tthe FEE@+ hédaltiod nethbe wastuspdef Hoakler, jif Bherof other modulation
characteklstlcs are shown_when Tsf

Tae{hods ghasfee npfaalin disgdolPri xaimBlsT 5:'-'-2113;31[3@(]'\/\/\3;5??3”‘3' Dual

4R88ulafiort - |Q]_se§:!"‘i|helre%-rﬁ WIIBﬁé% &amEhe parameters
experinental |y obtained in this way, a mark was 15

f or med Awrederding metbed dosgrdirgy & 6r pReFritachgmbegimenirof the present
(itPERigbaREA %R RE SHEENR, ddRELh BRAERANTY AL Afhed.
reproduci n aracteristics orned.
rreasur édiGam tsrmfléwbmamslnrg/vin&laGecQ@hmmmmlddmcqordm@|to a preferred
ter{sftihc hef ur types shown in FIG 6.
a‘é‘?‘f plng Ipé?s Invep ?'% shown that LH type is the

best aRefwnrtgme Flaip1, 1A reydreing afharatlé eeciesaliapairberthe outside,
forned with the erase nul ti IWgul se accordin
[

h
JPadaiesi ho ciath. N donargies: Wit deprg Bl ¢ Feen, the recording
Rhtus RRhBRIEY bsbb&riry wévé?@ﬁﬁ’ kP]%lvrn PRy )aré%@ &d?te'rﬁ; ch%mmg an

10
‘%’D%erence bet ween t he Hhi | evel 8 | ow | evel

15

egrase Mmulii-pulse guiséap 180%h ng mmgeﬁerﬁ@dcwsa&m%wagefpm a mark

sel ected as
%Za %%é%gﬁﬁ%rﬁ% %g%p&'l’:g@%e recoréﬁsﬁg/ r epr oduci ng
experi resnideséibed @bo2€) ahcmdwghehq igresent invention, a method and
ara stics of the res
e ger shidalie: HES, LT RTT A% shERding, Witom nubich prevents

tdiStoRIoRSEr ﬂh@teth%bﬁ FHCL ATk e ththddienterfespnt arﬂvmatlamumulanon
Referring to F S eaS|Ip>éc§,Stgerst od t hat
r

WHesh datads R99°§d%jr a%@aﬂp@g%a"%ﬂ@ e Hiﬂr 1% B‘iﬁds%fe provided so
AR&OhE Rardcferishes Bf e%emmggfeﬁma afehfpr@fdl t 1S
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 pul se erase
nmet hod according to the present invention is

advant ageous up to 1,000 tinmes repetitive recording
that is guaranteed in the normal DVD-RW Meanwhil e,

t he above experinents followed the DvVD formats and
therefore 12 the EFM+ nodul ati on nmet hod was used.
However, if any of other nodul ation nethods that are
normal |y used, for exanple, RLL(1, 7), D8 - 15), and
Dual nodul ation, is used, the result will be the
same. A recording nmethod according to a preferred
enbodi nent of the present

13



5 invention based on the structure descri bed above

wi Il now be explained. FIG 21 is a flowhart show ng

a recording nethod according to a preferred

enbi)di mént of the present invention. Referring to FIG
Whatjg claimgd /®cor di ng appar at us receives data fromthe

outside, nodul ates the data, and generates NRZlI data

in step 1801. Then, the recording 10 apparatus

generates a recordi ng wavef orm havi ng an erase pattern

cont aj ni,ng, an _er.ase [ti-pul.se i

Che. obndroriamaiy sk aiiaich SBes gate, Fistfed using o
wavefo‘-inf UdRstiSiRg tlﬁ%rrﬁﬁflbﬁ%n di feordifg | gateh® Rf 4BB3wvadform and an

descri bed aboOve, according the present invention, a
erasenpattard cﬁrﬂmemappﬁratwer@n recording data in whi ch the

e, sl Rl EneBS R SeirtmeCh Becs afdtifaee, and a
cooh.—%guggl ation when data is recorded and i nproves the

ape of the mark is used are provided so that th
char dbeearpse ingdtert corwposas myfiisk puisguaithg MLk pyipe @@amg a first
An information storage
poweﬁe&m%h% c%oﬁfjg[fog\éérjg}/éa recorded using a waveform

conprihei inforivafionnedrprisan fiest riefoemetiog qratt mmmfevehef the first
waveform and an erase pattern

f
pulseypkthg ﬁra%eaﬁer@op@mﬁﬁ PP h eganaf ﬁ’@e%‘)@'”&eeplﬁﬁl Agd second
mforrﬁéiic?'?o Ef 1A BF p?é?%dabetwe%h' é‘%om’ﬂ Ireltol‘gkﬁ'é éﬁeﬁ% to Zero

r ses a rst pul se and
Inverteaiv(Ni@Zk) o‘ata 3$ trapsmd fioav al loankdval tceedmgh ;ievﬁ raridethel beginning
| %\e} q conprises first informati on on a power
pulsg B?r% or H‘@?? D " pul se of the erase pattern
connected to an end of the cooling pulse, and second
informati on on a power |evel of a period between a
poi nt2.widedniasmatien storage nredivm afislaim dawherm jhejpewer level of

i 5 Rl i B A Bt e o

the firstf G6W8E Iével Hrier 89 seedndirpoderclegenofl thavimuléi pulsdeof the erase
power |evel of the first pulse of the erase pattern
patte@bnnected to the end of the cooling pulse is one of
the first power |evel and the second power |evel of
the multi pulse of the erase pattern. 3. The
i nf or&atTMnnﬁjrmaagB shardgemedium afi claiiy 1 wivbersim thehpower level of

the p%?i\gﬁrbetween ’81e point where Non Return to Zero Inverted (NRZl) data is
transited from the low level to the high level and the beginning pulse of the recording
pattern is one of the first power level and the second power level of the multi pulse of

the erase pattern.
4. The information storage medium of claim 1, wherein the power level of

the first pulse of the erase pattern connected to the end of the cooling pulse varies

according to a recording speed.

14



the period between the point where Non Return to Zero
Inverted (NRZI) data is transited fromthe | ow | evel
to the high I evel and the begi nning pul se of the

recordin at rn.is._one of the first power |evel
[ heC LB dihy aPBhiatls sy SoRBing RovaaToIm SorBgiaRa aiegording pattern
f [ i
and 8h REOHHB. (e rokBRuhg (TR, DM AeHETANIG Plise, & muld
pulse;faridrmceolmplpiam andh troparaset pattaro comprising affirstilse and a multi

pulsé; R8G5 M5, BoWRh6Tel A B pedhe Ralef JFVHIc ivipsdifiiptg on an
inform8&éh diciegd Alddnin, thwb petaftisanpiidingr n. the recording

pattern conpri sing ﬁgl nning pulse; a multi pul se,
and aaéaaﬂlernghtpblrg@dSﬁ infamatiasen @anqveerdeuequfrthgfr@ pulse of

the ofass Patafil bty BHed afte"SodMllile and SbeiRffformation

on alﬁﬁv@éﬁmwﬁf ot pERaE beBgatTa Hiat APRAE Naors Rmum tcS!Z@ﬁb Inverted
r which reads first infornmati on on a

(NRZLain 19 frannesd T8y Fuw kwebo At Bvecande bognming pulse of the
| d d
recorﬁﬂﬁgﬁ%{rﬂ fr8m§ﬂezr[ﬂg Iatl&li‘gto??& ﬂ@"@ﬁrgﬁ% ggt W:gﬁog

poi nt a woetrelldlowhisktfarms tive Zevefdriv asingahe (Mtahjoreeaitian and the
translted froma lowlevel to a high level and the
seco@im AXNAYP Ul se of the recording pattern, fromthe
informati on storage nmedium and a controller which
fornms the waveformusing the first information and the
second. iTiifeoapearatus. 0f60|aiﬁh5 abpeeiattos p@Wea:IleNehoﬁ the first pulse of

the el Baflei Grectmh s godb of i s Pkt Te 8w ighe frst power
level BMHSBe | 'séc@rﬁ@ pBvel lesvef | bf the rﬁQMﬁiulsé 8V fle &ade atiefrecond

power |evel of the nmulti pul se of the erase pattern.
7. The apparatus of claimb5, wherein the power |evel

Zero Trids aapeRis ) Oioselfs & Pertich PR TbHE phine perioc
betwéew the p@irtthméreghom ﬂeﬁhrrﬁth‘ei‘be!r’ﬂeﬂleﬂ NINREIp dlagee ifrahsited from
recor di n&wpattern is one of the first_ power |evel and

the lqweeveb i Hie Biondevel @nd therbadianing i seef th@ [§FOFdRO pAHe™ is one
e r
of th?"’ﬁ"rét 56\N?rgtrer¥§[‘%8§p[@% nsgérc@ggﬁ%\ﬁ%ﬂeglﬁp% ‘rfﬂe’@hﬁ,,lln éﬂk%nof the erase
pattesrecond i nfornmati on conpri ses one or nore val ue,
the controller selects the value according to a
recordi ng speed. 15

8. The apparatus of claim 5, wherein the first information comprisés one

1)

or more value, the second information comprises one or more value, and the

controller selects the value according to a recording speed.

15



