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METHOD OF RECORDI 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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reproddcing signal. However, in a disc on whi

phase- Meélncg:le;ngarfrepmd"w geta ean he divideghiip a tnn%rk edge recording

cRLdj
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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
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Referring to FIG 1, a variety of recording waveforns

(a), (b) and (c) for 1 recording Non Return to Zero
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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.
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degradation by repeated recording can be prevented. 2

It is a second objective of the present invention to

provide a recording nethod and apparatus in which

dat a i § isex aedeond mpjective o thienpresante inventidrate mgovide a recording
er pattern
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RyaviefdriOndvigg Qﬁ%%ﬁ térﬁ%@h%'lmﬁ% war@tiguBe #44 a recording pattern;
Preferably, steps t hr qu are based on Run
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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.



| evel of the | eading pulse of the erase pattern may be
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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 and 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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25 nmediunt a servo circuit which servo controls the
nmot or and the optical head; and a |aser driving
circuit which drives |aser device installed in the
opti cal head. BRI EF DESCRI PTI ON OF THE DRAW NGS The
aémhvcajrmleh’eultthe@ne‘seardinarehms of the present inventi on

wi | | 30 nore a by describing.in deta
bt ef or FI3 LAt AB e e L8P PIGTS BrisT AL TeGorig apparatus
ajftaghed drawings in which: FIG 1 |s a reference
di agram of a recordi ng waveform according to prior
art Ferﬁ 2 ishows b ck<airlg r efmaowayefosioggnamted by a recording
to a preferred 4 enbodi nent of
pres ﬁ&g%\;glr:r'%&gh FIG 3 shows an exanple of an
| mpl emEtG.ad |sbnwefamﬂ§3rree<emmb of aappefarugenefatdd Gy te recording
exanp le of a waveform generated by a

FIG .4 shows 6\\%&
r‘%ac"&i%ﬁ“hge”%a %'f%Vm generating circuit; FIG 5 shows

anot herFi@gaBal thraiga cdearel aavefpansrfat %&ph}hlﬁ@eour types of erase
recordi ng waveform generati n%&cr r GS. 6a

tRASIFABArURS IR PEFTEIRE embodineity ﬂ"eh@reﬁﬁﬂtr'”’t’%@gi of

10 €rase Fpast #e Bﬁd?ﬁ&@&h@ﬂeﬁzﬁn e@bﬁiﬁfdff@b%&md' ment  of
t he present invention; 7e and 7f are other

exanpl G818 though ) @re 5|aap613| absnarks rerasdehimasigration;
shapes &
t hr ough nﬁﬁﬁgr@ﬁégﬁ%ﬂvﬁhgsﬁﬁwgﬁ% g@ rgﬁeﬁ}r%sgaf #-a DYD-RAM:;
DVD- RAMIGS F1 &8hirotgh Lhrave gt strosvigg dpehsharhoeristipst dfea DVD RW;
characteristics of a DVD-RW and 15 FIG 21 is a
f4"%Wwchart showi ng a recordi ng nethod according to a

15 pr ef er Fel 2 eitoflowehHrt showihg apeesiing eyt acdrding to a preferred
DESCR] PTI O}! OF THE PREFERRED EMBODI MENTS FIG 2 is a
AeRAAIMERRTARE Bresgnt BVEREThg apparatus according to a
preferred 20 enbodi nent of the present invention.

Referring to FIG 2, the recording apparatus which
forns a naQESGRI:RTIQNrG)F;TIHE BREFE BEDIMBNASs a

k i .
g: fcﬂf’ﬂ’@'i gn]% bE’CKﬁ?ﬁém Cﬁ%d#éﬁ"g%gh%ﬁ?ﬁ%?édcﬁgdmg to a preferred

20 embodiment of the present invention. Referring to FIG. 2, the recording apparatus

(@3]

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 modulaies 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 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 omiited.

Referring to FIG. 3, the recording apparatus includes a pickup unit 1, a
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The channel nodul ation unit 3 nodul ates data which is
input fromthe outside into a channel bit stream The
recordi ng wavef orm generating unit 2 25 receives the
channel bit stream and generates a recordi ng waveform

frecordimgowavafgrih tgenemﬂiag\cadun:h’.aanala bhdanred neiulatdh®. The pickup
recor wav ef 0{ 1

|Weillﬂ'fa<r;°’nah@§t°5n e a0 %@{g?gpac&%m %8%ré£§)pt'calsﬁead 13 for

Febdiling Ya s - Ilgﬁhﬁaﬂe\ﬁ@tﬁe&rﬂé 'Ihé‘\’o hcé?%t&:XM@'d"@éhb%‘ir@ﬁlt 12 for servo
The pickup unit 1 applies light to the optlca

ceptPlliang anlseaivingeicait] hiprdsivingen lgearpeiesl (not shown) installed

,ﬁﬁ{g%t'@;ﬁa@%@esﬁrmso as to forma 30 mark or a

space ows an exanple of an inplenentation of
the red heoblngnalpmadalatm 3 ofodelaBes hpulldats oie abtlooiosl bit stream,

WI|| mere rence nuperal s .and

nd il IREEIAR; olng e SR8 staerE SoadtelTy firduif2 Generates a

h_'b@;rdﬁ'lg WH6 e CordieBErddNPRRE datd A6d peRsdas Plealedprdity waveform
recordi ng waveform generating circuit 2, and a

6%%@?951%'&11"939'69““3 ‘The pickup unit 1 has a mot or 11

for ro*l'ﬁé'lé%r@ﬂvi%tdlrﬁéllt 1Q'f§r%329%arfé6r9%‘pa€éb %ﬁﬂolﬁﬁgl; laser with
for receiving |laSer light reflected onto thée optica

disig thegeceivesbiegording wavefolp. f or servo control, and a
| aser f('svhngh&h§c edax]a?pﬁé)r?fd'a' Waogfo"i]ml éﬁé aﬁ%\/ b‘%ha recording

(not shown) i nstal he optrcal
cVvevefrhn gerdarbtivigoeirditmodul at es |nput data |nto a

fg?g?ghs;ge' i‘? m‘béﬁgzaﬁiﬁﬁgﬁ' %pgNﬁRlzalpcg E@ntgr%p@ugtlon method

I Ghé dhagnavavietigatorfnr THee s df fige Ndulaidhamathdd is a Run Length

prowdes h recor di ng way ef or m to the | aser dri
dirpited 2101 §er'%%é‘ﬂet8??5w”ﬂ@ & r@efording ’ﬁ%%r‘@“ato Fourteen

mdm@ﬁona(ampee@m RORbIdr %dh%%@ﬁ ;mg MEFMS) flﬁ(st’ﬂ% and Dual
recel ved recor ng wavef orm hows an exa

anodulgiiore thsr mlrg@nm meedlepgthas r3éfé @mduth@; mamwmdnﬂﬁrlzplength is 11Ts.
S ngS ) i€id &BHEIatlgﬁfn?étlg (PQISEBSEKIJ b “d%tldalfé'isgﬁ@%%erding System

ccordln to a no ation neth
cdﬁ&ﬁGEEl Capdmtyétaonomceﬁ]ay Madsusihita tirh ©phioaluDatiai Sinraget ((43S) 2001.

e Uit B it ko tanUREEE ey brERo2 "An RLL

(cetMalloEhtii rrieﬂ‘nd&)uﬁdcﬁﬂatld\?bdmdl demodupltios n&hbH) and demodulation
D( 8- 15

RoB S RS BT Rl et SRR s GERpT.: g B9 he préSeht applicant
on 30, September, 1999, and Iald 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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Here, D(8-15) is a nodul ation nmethod disclosed in

"Optical D sc Recording System 20 of 25GB Capacity"
announced by Matsushita in Optical Data Storage (QODS)

2001. Dual nodul ation is disclosed in Korea Patent

Appp ic@bilan Np.indcate @32widim oRthe lasiopldseafdroing & oecording pattern.

nodul at i nd,..denpdul ati_on thod
cehattivatPF oo WisB AMaeR e, 31 7o Pole Bltsegncng: poslipo puise
Gxpestals| frdri @' recofdity pattdrhao pinesrasé paf@in. caBinp ipdicdies the width of
Sept enber, 1999, and | aid open on 25 Novenber 2000.
1N efafa m@t'@y'ﬁegeamsoamefaﬁs Patters. | ( q th & yresent ggbodiment, Temp

eohed, &S iRdBARY A pES #bRYa r,sernlf m%rmﬁzu dél%%tt%s:ted from a

nmaxi num recording mark is 8Ts. \Wen a high level is

flow nexel 4 azhiaklavehinda poindvstaeve] firstspules nwliens fistapadeeforming a
rgc&ﬁﬂ [gé?{ én sﬂ}% re[gfbr Hé@gav\ﬁﬂl?én%rer%\}ﬁg%g%%m%ui level of an erase
ing a nmark of "a

FEeYrar pat t'e for 'recor
Ipenttgtrh Tt &, aseshpwhtlerl-H\Gf@,rlf Tsfp s gepadershac €. 53k and3a multi-pulse

| t h 30 di

san 84y SraskpeiErhacy ot BRb IR Raf: et TeB i rom higr
Qéved PRRIcF€hd AndiltPpuléé SOMehthhlﬁJ #HSRfp I@&éésﬁllhﬁnlOSSTsCHrnféi multi-pulse
wth acgulse traln as shown in interva

iGeAIEnAEE B8R Erafed Patternr engsnal low. I.suels%b?,ohhﬁn m@t dsfp maintains low
rl@\FéPP@'ﬂ!ﬂtlﬁ’@fTﬁJﬁfﬁulsé"ere the nmulti-pul se indicates at

| 'east one aving the same width and power. In _
the pr Ei@n@ smmcannﬁw exagpipl aswavedaren ggneratattby dhe secording

hé[%e%rﬂ}genﬁgr?ﬁﬁ%ﬁc%ﬁt pul se forning a recording

tern ICates the width (duration tine) of a
cool i nRefartisg to FI@ Egordhem’@enmglsdaeveemf BRF$ datepis farmed as a mark,
attern n_erase pat

di
(e b D Voo el a8 €8RS 4 Rt HAPERL Tholudes a

Ra&dramg Cthﬂ@rﬁ he recegrgta e@Bodi aeMiengtienan Sraise p@ttErTSfor forming a
Tsfp indicates aljloerlodfroma ont when NRZI '

ta
tSPaRg Pt 8 @ I1iekgthqand afegasdiap page FPF grordipge m%rkep%&tfength

(start TRE fdcbfingHattBin W@%nﬂ)cfsleﬂséf BUbSiSe f84iR1 NAISd, the erase
recording pattern starts. fp has an influence over

tnaétermwéamneai/mth afpulge t!éala:aé sfq@ml@mtervah@t iTgp igdicates the width

O%M?ndl lpﬁfsg‘ fofmi n'g}C nlr%t:{i’rg'rgn%ﬁé’rrner I-Fe?t—?mthg Al |6’1ﬂge q‘ndlcates at

cont erase pattern en
Ilea,seloriébbulse HeavingxtheTsdme stidiht snd powehi dh thé presit eﬁ’btzodlment

e 80 o TR aar DB WRURBL et pils osriEe ey patem.

e snchatb®Whe ewigth RBdratibheimex bf Esicpoliyj puRens Thewcooling pulse
| evel Pbl of the_nulti -Eul se. FIG 5 sho

anot her )
Signsisdrap aare\%ﬁpé?g)l")%t?j ﬁ%@&t"é’és%fa?ﬁré‘ rﬁ%g\pdpﬂlﬁates the width of
R B RENMMARORIISS icBBstitifitgbh- erase pattern. In the present embodiment,

Temp is 0.5Ts. Tsfp indicates a period from a point when NRZI data is transited
from a low level fo 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



(%3]

10

15

20

30

15 Referring to FIG 5, when the high I evel of NRZI
data is forned as a mark, and the low level is forned
as a space, the recordi ng waveform i ncl udes a
recording pattern for recording a mark of a 7T | ength,
an er at¢GBatthetimodglr 6tloame mwgveforrmpdoe explainibg foenbipes of erase
an a recor attern for recor a mark of a 3T
(5% Seepiting a1 e PR Fhenas ik Bieebtindenifnce
t r al N. RYf&Eing b F1@S 6L thrdlgp 8t} ﬂfeﬂarhé‘;e b@ﬂ@ﬂﬁ@ aWCbIh:llr@ the present
pul se train as shown _ in interva I ndi cat es

vinmiongareadividied infoy faye tﬁfeem@@ Ld" r@ad?”di g Pht ﬁ@f’n(d ) LL. The
'@ﬁ&en&%‘fof@llatsb ;ﬁﬁjgﬁﬁ; érrédl‘n%ﬂ!eﬁsbyafﬁlﬁcléﬁ%tthé’tnﬁerﬂﬁfé’r‘énces can be

aV|ng e sane ower e present
eqasdyliundetrstoodinpFirsd, ()5, lnuflcthSnmaéahespQer ofi thehlesding pulse

o8 e BieE et < Mt e s PR PobvE B ef fyp fotlowing erase
phlisigulsEhand after tg: [ast sm%mkt—mﬂd@ fcﬁmting dhe ecawedpaitern ends at

9he S e 6 Powst v ehhe SHing ot s Sressaime B the high level
K2 8f the drBsd RRIRPEISENT ( b?'ﬂ}q)ﬁ"\d'@fés thaTﬁ{H’pd)\ﬁeroofE’tﬁé leading pulse

Tsfp indicates a period froma point when NRZI data is
tfeeming tasderase qrattam iBwiheesasne ag the mMiginlevel/Bb2 ©f the fdlpwing erase

(rﬁulﬂrﬂuls%f alfufl aftbr Pdél Fag ngE%nm%[tf ;l)l5|§ fﬁ’ﬂslﬁf_[.gt? I[e)rahsaespazli’(’hern ends at

constitutrng a recor pattern s
ithé Ihuglrnkeeeblvbi thbée\[ﬁb\mérthet folleir@0Tsip cantimusesste nas dhenhigh level

et B Ao T PUSer L0 il insloalsy et s fabr b8 3ading puise
Efﬁﬂﬁmgtari @nuséqmetbrrPtslmetéwnmestthJ Shfgh Bat/ar IPBZ of Itfmfrfdﬂbg«i‘ng erase
Ievg Pb2 of

BB ruiga GHEY iRilast oFaRe; MuistpaSe Satiag iy Taseapattom onds at

ghahRyhPalé ey, ﬁ@@véﬁof'tﬁ@’fdll@%g 'FEH[J is %B%aﬂ@(és ifféf [Bw Ievel Pb1 of
mai ntains | ow | evel Pbl of the multi- Eul se. Fl GS.

tthe GiiRe BYltapdseavidpaliimid)dr ingigstes thak gher @Qwertrgfﬁeg l%ardmg pulse
qgﬁﬁlﬁg é?\aélta‘;séﬁfatl@?r?g FHenQ?rEQ £ f%qgﬁlr IE@Q Eﬂﬂpgfj‘tﬁ'@fgllomng erase
t he esent 1 nvention

. erring t hr ough
multitnu@eeam@ftpatheelass esas@omlthgilsméormmdm erase pattern ends at

i ey )
(tﬁ%/ “?(B&/_Ie?\;a%?b? t.?_ll_eq'%ijrﬁl‘ mesfo 018)?31 ngr ) é:gngrﬁ'ﬂ 5 ?Sléé@s th"é' low level
(R 1 efrthe etase maltdqadseby circles so that the di ff erences
can be [ rstoqd. First dj cat s, t hat
The pofleSofd end Matnoltprsorbbies ofpe Fifl b askererid to FIGS.
R AR 1, i(§) LB isS@eBsante hEEa) IWoF FIGI6, Bhbe;ﬂfthéthﬁamm the duration
foIIovmng erase nulti-pulse and after the |ast erase

e iof $g Siohy vl ﬁeztﬂearéle{ﬂ%" padtylpe dorringid cydle g/ Ts and

"I%Yr?dZ Rhd du%}%npﬁ’ﬁ‘\’@rofl tﬁlé%w%vélhﬂbf %'f |tt%""e?&e-rﬁ1fuﬁ| bdise, is 0.3Ts.
he 'sane as the high |evel the erase

rﬁjsm! i3 ds thebyarmie! asn@) ¢t esttGa&. euh%ptribaremeotﬂurah@n time of the
lh‘?@ﬂeﬁ}gl FQHé Bf 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
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



formng an erase pattern is the sanme as the high |evel

Pb2 of the following erase nulti-pulse and after the

| ast erase nulti-pulse formng the erase pattern ends

at the high level Pb2, the Ievel of the follow ng

Tisfppoveaint ilmpeasticuarbin e tdverdingtwdveliains Shawvofin tthe embodiments

CarBefiadhphiy s Gusdn e o] s, aoleusied ar 1he Wk devel Pb1 of

Stﬂaeera§e tnh@tipuile isexBlstEd itin tehecdpdl bewieea @st and 0.75Ts for
mul ti-pulse and after the [ ast erase nulti-pul se

fA0GK eusla heand ashiratian Wpa appmprigte ta e heajichaeacgristip ®f the disc
t f t {
5 1D SR TR, B BibrfctoRe ol raroBBig e rfitivec.
i ndi catl\wrmrm!e, tlhé)rmamrn oh thee foendiypgs pof seraséopattelgps (type
ferar pat t 'Sé%hpe.sa s the | Wleve(I:I b
ROTPEIPYIRY eer O Mk e-aﬁdrl‘ A LY ?*?l% ‘i'%%?r may be
eih@l&@ednml 4 wopblessigiid GEIoMG dfh\%aeéﬂmﬁ)rnﬁtlbﬁﬁténﬁndm ihis case, when
t |OW|<¥%'} Pbl, the | evel ofthefollovvln E
i (ReTdes! fecording RPPPERINS &jAgs V%I'”fefm@tfPé" fé‘P'Bé e lead-in area
10 rml tromP he BwolhtIESsigr(f, amd i@ @ %J}ﬁrore@a%?bé‘é @{2 deferating a
of FIG 6a. Referring to FIGS. 7e and 7f 'S
tqoeresparding Waakform. of FIG 6, except that Tenpi, the
durati | t | e
it 11 - psSiteh; B Rur e AeraS Sk, Rlay e Hedfis o symbol
dmhaahlrtquttlrms sﬁeetdmf d diac logvfed kiPdlof @fmaﬂewbelasleta is recorded and

Peblodiet > rod ighrild g S petidrh Y deAC THRANGITN ifpe speed

15 huf@hdiseusihg Phitype etdwe pattarh BVZ)-miditibleofimbigpesdise

[ti-pul £
Tonpy, T Rer|©, bl bio S14 GrIng IRSCTRIL ARV SWOr s The Sfeneseof a mark
hieebrdb8Vigla BiRuIAish ¥8stdend. tIT‘Ple| ﬁVVJdt@rléeuse’abﬂa EPufe iRRilation is

erase nulti-pulse formng a cycle can be changed

hewinrn sakla i etle gisoipped.in m%ﬁlé!ulaﬁonmaér%ﬂrﬂaueé@%ﬁl@? structure.

Thus, the recording waveform according to the present

invention has an erase pattern containing an erase
20nu|t|- pul se of mhlch pomer'ﬁﬁmhﬂgh IeveI Pb2 or |ow

D~

ove of s SOReb TR o o TEHIFE T RO

reproducing is 8 ifrproved. Irf"”barti cullar, in thgfim
ekl Ng [waver or Ns| A1Eesi0, | N (t9veTeenbodI| IRHED, Ag alloy
descri bed{above, the duration egi?% of tthe high | evel
Ph? and thhe low level Phl of [ the erase multi-pulse is
Jajcresed WM a skB§ebet weldd™®. 25Ts |46 0. 75T5308y
clock cycle T, and a duration tinme appropriate to the

heat characteristic of the disc 5 200 is sel ected.
Ther ef thé cansidliong opfa thee pindylationsy mrckeﬁgeéo%erm@'qr@tm&fé%nm the

INRhQMEstH-Ap ee'r\‘ﬁﬁéﬁ“{NA)eG 654 RhEAVASLilyNE 6 QK. U BRferd observe

erase patt
the shape 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
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15

20

information) may be recorded in a lead-in area of a
recordabl e disc or may be included in a wobble signal

as one of header information itens. In this case, when

data is recorded, recordi ng apparatus reads type

i f therpaior @ant recomirtgheatefadn. nLiaew‘ae;Lml BIG. By Gipshlowvs a mark formed

At n {8
\é@&ﬁe I_1?‘}‘gar1tal érdfornsa

SRS iR dBUReD b & FRCEHG: MaKefopR deving a

fardse pHeH RcoRNIRPR hatgresdrn immwntibR, aspd) sisovds §)hﬁé}ﬁ|formed by a
indicating X tinmes speed of a disc or the kind of

a
rfﬁPWdWQe‘Ha\éﬁP'&“ |h§V'P§é'@>‘? aear anh®C p@seqliesy. IrdG. 10, (g) shows a
e | |
SRIPLR1e} 5,80 SRy 0 ook 1 621t BESIEN: Qfatc of () by
ithe Zasa Ipaitpineacdanding dpebd. presentondentiono andsfi) shwws the result of

eedfadl reRCoReTi e B O S e Bt he ol uet re

used i Mablee 2s shawstthenparametdrevor ittint filbvlse used Tiheadsiamlation for
tlie simul ation has a 4-layered filmstructure.
ZBte'f%fS IRg A€ st rate Dielectric film Recording

Dielectric filmReflecting f4gidufilm Material
ZnS-Si 02 Sh-Te ZnS-Si02 Ag alloy eytectic Thi

PC

kness

AMagerd 128nm| MHPEMTENmM 30nm The condi&/&ME) of t hEW/emK)

si mul ati ons [RNCtUdES a w,avm_gn‘gt‘h_cf 405nm t hq
%ghor of Anorfllr es /l\IA andla linear ve
B s

1%

oclt v

P

In 8P%er to ob%gqﬂw, rhle '''''
Hhtler

dr2ded, the negeso

autegic o @dthg mark p31WT is reg
f(@@%@l ng 2%

he nr Q\II

> mark of 8T

ous recordi
Fecot

is recorded

o etk of 8T

by overlap
ElL-GS.

Di ng 4T

thr nllnh

t(Amorphduer ¢

S Enorbete | 2ot

ari son
art recordin

r%%élglts of t

g waveform

He?B?rar k sha

las used and

b fhen

t he

TR Hoys Tapes

whggT the 1e

the present
=1

| nvantiaon
Rv-e-R——-0H—W

CREA NG Wa

efzgpm accor

i B&bot O

Q (3)
\“l

S hn\l\c a

mark formed by the sinulation, (b) shows a mar k formed

on (a) RYerfing %@andﬂor&mﬁgtlﬂﬁ\fﬁlﬂlrs'ﬁfqﬂegr dith@ubR 100 is shown that
present invention, and shows a mark fornmed on (

(c) a)
gheyrailing epgeoef metmaas:fﬂrmeﬁdommewe@pmlng_waéaﬁog@ hawing the erase
F S
o kA1 raT BRI ) ATk e o wling
edgerafdbe pearkdomet by thi regording hevpfareekaving thenpriiamgrt DC erase

ap%qte% 2>f t%gop\%r %rtrmétlﬁo& 2%k |(“nc=)o(|)f kia-'YGaS 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. 8. 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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recordi ng waveform having the prior art DC erase

pattern. In FIG 10, (g) shows a 5 mark forned by the
simulation, (h) shows the result of erasing the mark

of (g) by the erase pattern according to the present
iregenirgie praaiudingi acconding to Hiee pesadnt infentien asragotipared with the
mar k _of é%b by the prior art DC erase pattern. Table 2
MRS AeMBYr aneters of thin films used in a

si mul atF@8. ﬁ@rthrdu@hefaoéﬁé ?ﬂﬂah@eﬁowuﬁ@ tﬁ@bh@ra&té\vﬁh@ bﬁ'the DVD-
A=405nm C(J/ cm K) n K ZnS-Si 02 2. 30

RAYs 169641 tBEPUUQ b%tséléw theifegbes. 015@"19@@53 @lr@oeb recording

(G ahTF i 72t gl G bghOBR mos 14 o

Rex ghaw n’gplagad fea:tm‘esmﬁuetalrdmg usirEgUd trecqrﬁlnsw%lef@m of the present

h 1 h
HEYABE, vy 05+ R "BRedndi L shaBE i chafRisRig i dspeot to
glatébrerng W@S betﬁed:giaggnﬁdmt 2 é,n:eregecﬁttvelynflcgrthe diadg?g téb@;e thaflmg edge,
i
fasydrhagh 1999??1@}‘?8@6 H the W@ﬁé%eg%ﬁﬁ }q%ﬁg OB ( ?E?n‘gﬂi 14.5mW
10 D@c&ﬁﬁ@epovﬂ#térﬁrmnw eﬁa@@ pBWeP(rve?e" LolBBEA 96 é%(fpe('lﬁbeni?sf
FIG 8. Like the trailing edges, the shape

| eadi n§fl@8ge2 80 {1 e hawthe meadaradsiesulia ¢ ﬁ@ner a@@C erase.

patter i ?@f@@ ‘{’%%T&tg EH@ quigmi% aﬂﬁ?ﬁij%g@i(@ﬁofﬁgagﬁsthe most

shown in res
tpreferatie jiséragiaradtedstica ake \ah@mn wihenrisfor @iﬁTg amaweien hefp = 0.4Ts.

o e e aCtnE b i B Rridies, BT 3 bnilas dad §rERT prp s 077

15art.  Basadjonsthengramnetesd apeerimentally obiathepiomethis! Wwﬂa mark was
erase nulti-pul se, distortiopn of the sh

of t
Joried, valth b TREVSRoc VRIS HodPEoe: Uty ees ?Eﬂﬁey patterns

\fistfitled 60w, bRAtth@tharRtdrikBELHH the T¥@Ed RRrk were measured as the
par aneters needed in obtaining the recordi ng wavef orns

Jellawingn FIGS. 4 and 5, 25 that is, the duration tine

and th 0 j V|

and{ NBAGONENLGYShe JHBF EraRLBE B 48 o FH il to e
20 tpvesdrdsmrentiaw ehewgimFis 6. 650nm and NA is 0.60. Then,

the Chﬁe? rtrlﬁéltgtli'l&s 18f |trcea%ebétn'1f\é?red 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.
25 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 - 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.

30 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



10 recordi ng/ reproduci ng according to the present

i nvention were conpared with the prior art nethod.
FIGS. 11 through 15 are graphs show ng the
characteristics of the DvD- RAM FIGS. 11 through 13
salspecrahwnfthatrepamvefremdiag chnthcteristicobspextor ding 5

usi ng 191 Sec1 r verform W th a er.ase ﬁttt er DVD-RW.
prior @ if A% Srafs shawiady e e eansies, #'%es
HiGsecer mr&ggrussrmxoa: fHRC fy=tire dqufﬁﬁe?rancpimfeh@f RICRRRNG using a
invention. In FIG 11, (a) and show j

dﬁ@nrawwa\@mr@éwﬂ\ﬁp(;@gﬁ%pawn OJ@&@? ait @%6\% 8+wnd 20 show
gﬁﬁeaq' resrcﬁﬁ'g ﬁﬁtmﬁ%g gg%cc%’?iﬁg mar | n tﬁgpgerslent invention.
art DclreFiﬁ,e’lS Easedd dh) shgw gitier ¢hgractedsteawith gespect to recording

recordi owe d_6m\, I d
SR A% B e SP e o Y BadS B RERIG and bor
iemgbb]?ofgf%mrllgnrt the ;:&roasar(tJI D%?eéresei nsas@d (om) I(151)( bad (Bhd14.0mw
C) O a) an 0 t he nost
%Péqrémm%ﬁ'ﬁfuwg}“%/h%r)ﬁa%P@ngé%“PE%S%lf—’ e‘E',hovvn when Tsfp

10 = 0. STE188d1 makd 18$hBwihé nfebsuredlic@uld Mthé pAbf sﬁbc BRise.
jitter characteristics, and Tlp was good when the

cycl e Refgringdo FIBSBAE é’(ﬂ‘doTﬁ tthe nmt@ﬁ@‘p@bge jitter characteristics are
Y7 Ve [ t a

FABARRDH B O Et bl T YT TR tSBeg i 0557, and

t'&pws@oodnraééﬂwd 'e‘zrﬁfs descri bed above, and the

::E:r a;: %rl héﬁe ém% @S;)rﬁg&gn@%@tall%@%rn%%%ﬁ%g%ﬁ a mark was

15 cfhmﬁ@:tvarh e Q@C@ﬂll‘tﬁh&!afvéfﬂrmt }fupemgatmorahrngrpeg éfheras0patterns
esent vention ,shown
HesEiihec RoGe. o dhs EPERAETE SharpeeTeing, o s feIfles merk were

gﬁ@gguré@ggtﬁ@@%\qhgg usi ng a recordl ng vvaveform VVI th
an erase pattern, e of four types

erase b@t@rﬁh%ﬁﬂﬁl'ﬂﬁr W@C*GF'SH#" afilee faus dmes ShOW" in FIG. 6.

: tnvlegt s %rnﬁ?@@qjlél H?ylrtJég ?fsﬁfql 'tﬂgteltélq tg;?%rl%fhte':lé&t élrﬂong the four
20 thyfpass . VQBeer"feeenasagaatterr(bymeﬂ viihGhe lefasevhiii-phige @ncatsr@hng to the

BBer el miedUBRes Prin Fanmod elh hr PR ialG MRt Porb2 -

tF*H?I )Jmlrl'ﬁél‘?fs thé& RRfeRE R bivees R high TerBAd 1owiRdvk| Ehﬂhérbrase multi-

di fference between the high level and

| o
|m«le@| lS@howne Singedhengharactriisyes e sKislRAlY dqgra@e%@mmw TmwW
ﬁ%ﬁls ?]é(i)'e%;sté? ﬁlg'?%{ {:{;\Eﬁr i%rr%é"r%lp@llﬁbedllefcgﬁfl e r ecg& ig &&erlment

Thar act eristics of
25 repet i FiG.e 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,
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 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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10

recordi ng/ reproduci ng using the recordi ng waveform

havi ng the erase pattern according to the present

i nvention conpared to prior art. Referring to FIG 15,

it is easily understood that when a mark is erased

Uhe reFMhemedalagomumétheg uham uaedor Howgvern it hey @f exthet modulation

i nventi o the result is I

Beiops (fat BECaPETHY urdd SlF coramnes RRELLar), Rl Hgand Dual
tR6@UatbR & adey, ﬂﬂ@@%ﬁlt&hp%ﬂﬂa édipecharacteristics of

the DVD-RW FIGS. 16 through 18 show the features of

power #nteoprdieg Grethed @capiddidua ﬁgpr&ferfeéicef!@pﬁ@nent of the present
|
NEhOR Tty n DR G Bt Byl A B g,
usi ng &lG.etbisch figwelartslwwingfa reperdpgmetitodi annerdln@m a preferred
how jitter characteristics

itotodioehton hE brel bnB et ona o hag pover
res pecReﬂeamg tofFIG. 2hethk e@&brﬂ@g%ﬁ)@ératﬂi fddeivieg c@dﬂﬁom&hd outside,

both ed %es of a mark in ggﬁz ior art Dg {aﬁﬁ? Bag
Jroqulstesibe daje. el esnmrates NIREL sl Bisier 2831 6ries Age recording
%ﬁfat%@@%né@ﬂ&céQgcorﬁﬂlg':\hgﬁforlﬁ halihgléh shRW ﬂehférn containing an

measured results in prior art DCerase. Referring
tesase GBilti-pyise il step, 1$Q?e rHﬁ'ﬁg Hrecgenaipled fererding waveform, a mark

PR A i e e SR o'%%w@%ﬁ“#zdwﬁ‘;e”

good i sldescrived abaves. aBaardnilgothet hpeegent aimeerticn, a method and

exper.i. e tdl taj ed in.thi mar k 15,
APRAS ToR re e tRL U o Yl o WnaBHoWrelBitg piicn prevents
tdmeﬂ|oﬂfof€tha$¢|apatdf%r Afark deéq]?irtbﬁd [ﬂbﬂ@:@gc@mgt theat accumulation
repr oduci.n racteristics, of the forne r re .
SRS Ea B ORI GRT BORRYSS Hecshans QHRREriE $9ad e provided 0
QHé‘tr tﬁétcﬁéia%iér%ﬁcé)&f |‘eB8rd“ r@fep?dcﬁ%gsm\’%pkdve@ G 6.

Referring to 9, I's shown that LH type is the

best anong the four 20 types. When the erase pattern
formed with the erase nulti-pul se according to the

present invention is used in erasing a nmark, the
jitter characteristics of A Pb(Pb2 - Pbl) which is the
di fference between the high level and | ow | evel of the
erase nulti- pulse is shown. Since the characteristics
are suddenly degraded from3nW 1 nW was sel ected as
the condition for the repetitive recording/reproducing
experinment. 25 FIG 20 shows the jitter
characteristics of the results of repetitive

recor di ng/ reproduci ng using the recordi ng pul se having
the erase pattern according
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to the present invention. Referring to FIG 20, it is
easi |y understood that when a mark is erased using
the erase nulti-pul se according to the present
invention, the result is good, 30 especially in the
What ®riniddvie: recordi ng characteristics aspect. However,
the jitter characteristi cs wer e suddenly degraded from

2,000 tinmes. Therefore, is shown that the pulse
ey L B

methbdadomprighgr ant eed in the normal DVD-RW Meanwhi | e,

t he above experinments foll ovved the DVD formats and
t geheraing channelioduigted dgitdldatdn net hod was used.

[ t
rﬁgr et w;/g l?fsreé}'&‘glﬂé \gé\t/ﬁ% rﬁq%&trﬁ 'iiﬂ'h/r?gggég%?n ﬁf@@falrﬁﬁg a multi-
puls@babingrmﬂlgihdméelnand 8 Iﬁwgdveltdm:ldaeeud)rdmg bbtte?a mrrgsponse to the
rdi met according to a preferre
Cha”@ﬁﬂ%‘&ﬂ@@ﬁ?éa\g'tﬁ tﬁi @@& 5 i nvegtl on bgse_d on the
Slto'i'l’r'lﬁ{gu%er F’sﬁsl‘é(rélefj tﬁé’%ﬁ%n%i ImdtMate8 Blﬁﬁhlagﬁ%fj-as':é%ark and

21 is a flowhart showi ng a recordi ng net accor di ng
forming aasmcuffcbhewekjof tbemblannehmodﬂlat%dmtels@ata ama spacehy using the
to Fl qp the recordi ng apparatus receives
Q“de

gene&%e[faa rf’? qu‘é’agﬁ nodul ates the data, and
ORReFe B%e BBRErdlinbfitAe TE6dHdiEOWavaioes, cdrﬁ‘@rﬁe%%’émf&ﬁ@a power

10 apparatus generates a recordi nwvef orm havi ng a
leveleqf@siea@agtmﬂw ebihesrase gattameiodzetheuigh lgyel o6 the loyy hqyel of the

3308 1 5 OPIETSHARE SR PSS BERBr it i o

a Ieaﬂﬂ@pul%& @fa&ernebe:ﬂm@@aﬁerratn:beothegmgheae\wl egeht low level of the
i nvention, a nmethod and apparatus for recording data
multispylsthi ch t he recor di ng wavef orm whi ch prevents 15
di stortion of the shape of a nark due to heat
i nterference and heat accumul ati on when data is
r2cor dedlendnetmodovésclaime shaperain thee gemekating wfethe channel

p that the characteristics of
momﬁ@%& QJQ%@M%E%PSH\E’E'?% are inproved. 13 Wat is clai med
| Serfdrmifg Wmﬁeﬁétmﬁﬁ‘%@'(mm@ QOPﬁmeﬁﬁbcPDt i cal
recordi ng medium the nethod conprising: generating
channel nodul ated digital data,;

3. The method of claim 1, wherein the generating of the channel
modulated digital data comprises:
performing a Run Length Limited RLL(1, 7) method.

4. The method of claim 1, wherein the generating of the recording
waveform comprises:

causing a power level of a leading pulse of the erase pattern to be a low level
of the multi-pulse and a power level of a trailing pulse of the erase pulse to be a high

level of the multi-pulse.

5. The method of claim 1, wherein the generating of the recording

waveform comprises:
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generating a recordi ng wavef orm havi ng an erase

pattern containing a nmulti- pulse having a high | evel

and a low |l evel and a recording pattern in response to

the channel nodul ated digital data; and form ng a

f¢él§d‘|nd g\tﬁiw@fleﬁél%ffdﬂ%@ﬂ g ;ﬁmgé“o@ﬂ@ef‘éls@ ;Bétlerﬁ% Bedp high level

formng a second | evel of the channel
of th@rmmhwé&ﬁ e atmwa;rale\aela@‘ airaing ouise tesheg hige level of the multi-
dener at ed recording waveform wherein the generating
of the recordi ng waveform conpri ses causing a power
| evel of a |leading pulse of the erase pattern to be
the high_level or the IowIeveI of the multi-pulse

add a polid melhed ebcl@en 1i hergih dhe tgrnesating Cﬁa’thleei’@ﬁord'ng
i TaTe int of a leading pulse of the recording
wayv pattééﬁﬁ)@ %e the high level or the low |l evel of the
neaUsing el paverdevdihef aristoig pﬁlselcﬁitrre hrawpa’eienm fohtee a low level
rating of the channel_ nodul d digital
of th GRS 4 BT IGVEl 94,3 TELIG, PSS ) Bech Lo e Of the mult-
pulset0) nethod. 3. The nmethod of claim1, wherein the
generating of the channel nodulated digital data
conpri ses: perform ng a Run Length Linmted RLL(1, 7)

nor ai 11 SFELRE PLCHTER o WiRIFl: SHn GG of the recording

wave‘f&%b@& dsggwer | evel of a |eading pul se of t he erase
pattern to be a low level of the nulti-pulse and a

peausing e\nsiwastleveltaf @ leadipgpelse obthe eraserpaiterpie Se a bigh level

of thg PP, Koo Borcl8 2 it i o peck T IgfRt ofthe muts-

pulsavavef orm conprises: 14 causing a power |level of a
| eadi ng pul se of the erase pattern to be a high I evel
of the nmulti-pulse and a power | evel of a trailing
| se t h f I e ;
P81 2 ) e etiog ot R, 41 oG qdihfng B (e recoring
waverfcamcdmpgsemveform conprises: causing a power |evel

F%y%ir#geg %Hg OP gldsu?'at%n Lme of & hig hﬂg%ﬁéﬁh gr?otpler gunl'a?i\gn time of a
low level of the multi-pulse to be substantially 1:1.

puls

9. The method of claim 8, wherein the generating of the recording
waveform comprises:

causing the duration time of the high level to be half a clock cycle.

10. The method of claim 8, wherein the generating of the recording
waveform comprises:
causing the ratio of the duration time of the high level and the duration time of

the low level of the multi-pulse to be m:n where m and n are integers.

11. The method of claim 1, wherein the generating of the channel

modulated digital signal comprises:
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of the multi-pulse and a power level of a trailing
pulse to be a low level of the nmulti- pulse. 7. The
met hod of claim 1, wherein the generating of the
recording waveform conprises: causing a power |evel

oformig adirsuleRtl 6EaNRIEdSBaSEnA A Be"mbfk aﬁd % Sé&hd level of
| evel ~of the nulti-pulse and a power |evel of

the NR4 datagignal o the space: | ow | evel of the nulti- puI se.
8. The nethod of claim1l, wherein the generating of
the recording waveform conpri ses: causing a ratio of

a1gur at i Tife trhatodf of cliimh 11 ewbkrdindthangéheratiflyr &t tHe recording
time of a lowlevel of the nulti-pulse to be

wavefoBB CARTINSESY 1:1. 9. The nethod of claim 8, wherein

t conpri ses:

AR Ao s RHERLOY PR oY BoRERLI TE Lo ha

a cl ock cycle 10. The met hod of cIa|n18 wherein the
neratin he recordlgg wavef or m conpri ses:

cAds ng t Pe of clae Hier whereint theedeReiatig pigthe recording

wavéf@Nﬁ'co |s[eEe duration tine of the |ow level of the
|-Wse to be mn where mand n are integers. 11.

ThmmrdetejmlmhgoMmthellanMrm timehef tjmwemaihgnwlsé i$ hess than or
areafeg dhon 9615 Toura Heiific sfe ot B NRZE GBie: §ial. 5ausing a duration

time BRE feadlFg %uﬁ:‘écf%ﬂﬂlriget}ﬁ@'er%e PEHSrnNBZHe gadrp sTgnal as
the space. 12. The method of claim11, wherein the

generating of the recordi ng wavef or m conpri ses:

BT THE ARG, BRI S5 el ] b RPBsg: the recoraing
wavederme ceipnigesf the recording waveform conprises: upon

determ ni ng whet her an ending tine of the cooli
ploraing g unigailse ghths muli-pelserto thaye a)h@héeveloaﬂcha low level that

cro 440450 545t 5 Wl ARl bt e
pattern to be over 0.5Ts.
15. The method of claim 1, wherein the generating of the recording wave
form comprises:

forming the recording pattern having at least two power levels.

16. A method of recording data on an information storage medium, the

method comprising:

generating channel modulated digital data;

generating a recording waveform comprising a recording pattern, an erase
pattern having a multi-pulse having a high level and a low level, and a cooling pulse
concatenating the recording and erase patterns, in response to the channel
modulated digital data; and

forming a first level of the channel modulated digital data as a mark and
forming a second level of the channel modulated digital data as a space by using the

generated recording waveform,
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14. The nmethod of claim 13, wherein the generating of
the recording waveform conprises: formng a unit
pul se of the multi-pulse to have a high |evel and a
|l ow I evel that are adjusted by the duration tinme of

t Waetstndhe gepetaipgf stk echrding a@véﬁirmgcdrﬁpﬁ:@ésﬂcauslﬁg a power
The nmethod of claim 1, wherein the generating t he

leveld edeading mase of ther erass psiterto be theﬁu@@ leve! qréb@ jaw tryel of the

mutFibE R 4R Blrel faHleeh i A hE Fase paterlif e point of
a leddhsy pliiehefttheoraebrdihg Patietn & dki the IKiHRNEee! drohel [aivekevel of the

digital data; generating a recordi ng waveform
lﬂundﬁﬁﬁ$|5|ng a recording pattern, an erase pattern

having a nmulti-pul se having a high |l evel and a | ow

| evel, and a cooling pulse concatenating the

recordi ng and erase patterns, in response to the

channel nodul ated digital data; and formng a first

| evel of the channel nodul ated digital data as a mark

and formng a second | evel of the channel nodul ated

digital data as a space by using the generated

recordi ng waveform 16 wherein the generating of the

recordi ng waveform conprises causing a power |evel of

a | eading pulse of the erase pattern to be the high

| evel or the lowlevel of the nulti-pulse and a power

| evel between the end of the erase pattern and start

point of a leading pulse of the recording pattern to

be the high level or the |low |l evel of the

mul ti - pul se. 17
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