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APPARATUS FOR FORMING A RECORDING PATTERN AND AN

ERASE PATTERN ON AN OPTICAL RECORDING MEDIUM

BACKGROUND OF THE INVENTION 5 1. Field of the Invention The
ARBARAMUSHOR CoRK NG MRECHORMI NGIRAITE RN AEIDrdiINGEGRASEORATTERN

arbRPH stq%gh%ggéwéﬁﬁg@&ﬁmcuIarly, to a method and

apparatus in whi d on an optical disc by forming a
mark on the optical disc. 10 2. Description of the Related Art Recording

data on an optical diS%WEjRIa;E@U?\Ig ﬁgiﬁ!éqm$§m ia means

that a mark is formed iSC. A mark is
1formedFagla pitthredmeaationly disc such as a Compact Disc-Read Only

M CD- igi ile. Disc- I -

(VD ABR T2 A e e R WSS DA BT ¥ recoraing e
oD \2D -S| Regardinghaxeditiangadilmovehsiristidaggstine enetipethitind apparatus
. . h i in_th ing. , .
R e e B o TP PR Sl e optical

digeording data can be divided into a mark edge recording method an a

2.mark pﬁggnﬁiﬁ?ﬁﬂﬁgﬁéﬁ%ﬁqgording to the mark position 20

recording me e amplitude of a detected Radio
FrequeREgYRIN Gigatd ciapgespiical disgawiics sosiivbopbeapsmgovding media
' t io, ich ' +Accordi e :
R RE & e SR € UK R g TR ok A manc s
frRmeiyasl shaigesXrientheghtivise poehivs ct GFompastilRisadiaagaively Memory
f P , Fecording f o

R S o PR, i
reeeRARIE, MisE divslomsvAiSHa e ashagYIHY RVEHafM, iipfamesvehange film
vJHi%h“BFﬁH%BE Hid & Eﬁ/@tﬁﬁﬁf‘é ?%Q@%&”ﬁﬁ%ﬁﬁ%@ﬁ‘éﬂﬁd'ﬁﬂa@éh& Rithed in the

a
art recording method changes according to the length of a mark or an

recriiataneserN ARk & fonaepdoea Dhase arnesirighaigBasieachange film.
mark iS it oA R oI dRtlcadiNg A6 ALY G Rk tng@“erecording

characteristics of recording/ reproducing are degraded. If a recordin

NMAEIRGs 28| Aive1g o i @ hiaerteinstidB eifOehord e eliag doFte 1Mmak position
ré I ERAG S HRREAMAL ATGROGH HE AR IRIIAEF Y HRE R ® o 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 from negative to positive or
from positive to negative at both edges of a mark. Therefore, recording the edges
of a mark is an important factor in improving the quality of a reproducing signal.

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

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

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

recording Non Return to Zero Inverted (NRZI) data are shown. Recording

waveform (a) is for a DVD-RAM, recording waveforms (b) and (c) are for a
réddRHMVNdrreRdtuienateszbeocynleakd r¢feRanyeddarkafccsiiding.to Recording

the mark edge recordi d, the high level of NRZ] data is recorde
W AR e B B IEN ST [ ASF RS ) <pRRAOA Sre for a DVD-
R@coréisgevavidnotesshd tyteoidingefarmats doekerrecttatiryrecdidingark edge

attern, and a recording wavefar in, forming a space (in erasing a
recaro ehed e e tlskel f MR rHeR 5 eGoTEd g mark and the low
levelefoNRZ (A)aih ) s fohfnddiss & rvpdiceulsa rscandingrdiagefonchtbged in recording
power of an_erase pattern is maintained in a predetermined DC level as .
asﬂb‘i‘f}ﬁ IR FOSHE vgﬂ ESSTh e LS SRBSHE R |ﬁd@&ﬂ§qﬁ@p‘9{8¥%§?rm used in
forooidinsgspaveffinmeisaging rdamark pisthef &1tz tbvelderanpreaktepatieed. The prior

time, 0200 C heat.is applied 1p, the corresponding area continuously. ..
o A R o B A e D R ELRR A lng. ana ne
pdegradédmamiatistpdad suhitehthmetdractgnietiesettvied DC level as shown in
i rt(-:é(%%(iiieg/reproducing are degraded. In particular, development toward

r]1|gh density and high line speed for recording more data on a disc makes

clock c$ated thleoresisen g dteneroirec hektdnie rtbe iobedversscprdegs waveform is

forming a, recordi avefqrm increases to.cayse mor tadation.. . .
T ARRITERLS o o e TR SRS O VaRor SR a3 applied to
tHRECYRp Ehthed Al aRiieabgépes anseeeorpedifieaiipamgliehrapeated multiple
DVD-RAM and DVD-RW, because the characteristics of recording films

tiglesuitfé SHtaRe BhAiCURMy Sute wRpathAafrelsHrTeloRHRTY hat disnsfaracteristics
osheusbingrep i rRaeh kinsl mighegedneansuriobiam deeaspiastir@ddvard high

a multi-drive which can record/reproduce all specifications_ of discs,

dEBEHUthS T HNErRRESLINN S5 Y3 MBER AR ARy G deakem glock cycle T

shgveforng therefoRiemezauses darisceasetineedst pRldbBVIARMIRY a recording
THE INVENTION To solve the above problems, it is a first objective of the

WRRIGHMADEIRRRE Bl OBANRR IO IeBIRfR ikthod and apparatus in
which thrdisteition pf thigeshanss afttheitkading eslasr@ing tadingfedas dre used
agcrgﬁJ#]S rtlg %%g&?r?cjglgP oba/tirc%q%?stgg 5%%0{ﬁéngpecifications such as DVD-RAM and

DVD-RW, because the characteristics of recording films are different. In
particularly, the fact that different recording waveforms should be used for each kind
of discs means a problem in manufacturing a multi-drive which can
record/reproduce all specifications of discs, because the multi-drive should
accommodate a variety of recording waveforms. The problem causes an increase

in cost.

SUMMARY OF THE INVENTION

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

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

can be prevented.
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can be prevented. 2 It is a second objective of the present invention to

provide a recording method and apparatus in which data is recorded by a

recording waveform having an erase pattern which can improve the

shape of & nadedbigiadbjetwigectivinof thegenasanianventian jsrgvieldde aecording

recording method 5 and apparatps in which data js recorded by a .
I RO P B e B S BBG Mg Torm having
afileradth gavenetylut hharadtepsias tHe sitgoenplismibekabove objectives

of the present invention, there js _provided a method for recording data on

2 Pt B BN ARFeR UL R AR & St method
ahy usipgratesondingisvadefieris hecmgled esase recpaliiegnveavdééanmomhich can be

mLLIti- ;Ise. Preferably, data isgec?fed cordin%toﬂl?ug1 Length imited
ARRHIEHE0 101G AW G, R SFRIANG PN B HEN A 2Rl Ry

(NRZI)Tintadsompiistecthas aboeek, cojectiveesonid ieeeloépeadeitereritied, there is

NRZI data is recorded as a space. Also, to accomplish,the abqve . .
PERY 5T e B Blokend LI, AR08 pP e 'S YrLais medium, which
irelcaiekntg maitagoa audpdical spacemgusiedjEmresdridingrweanddsr(a)having an erase
gﬁg(r-:-ra&)n clp]%nnglr%nquylafgd digital data; (b) generating a recording
FavetSAT RavVing AN eradt peﬁtern containing a multi-pulse and a
recordiRgepertsdrly; datediécjdoontiad adeetdavgltof Rum digigtiddtarded (RLL)(2, 10),
g L PR SR B RS2SRRSR LR recored
aare imes&daomd Rusecendtle ahikprérete (2)inHo) NREL O/ yeltasted as a space.

preferaply, the power level of the leading pulse of the erase pattern is_the :
o el 0 B ERTEIED ShE BSEE RR TS ARSI G AR, ere s
phigiddevel ohdtbadufirpuesmarditey ndtitzelpnthapopecétvedadrthadeanagum, which

D A B L S D BAR 8 recorin
wavtigooideavihg poveeaskevgatiéthecdea{i'rnigg)aledﬂ-mdma%rw@mnrdiag pattern;
oA A R L A T AR 6ona e
opthsedigithbdatasaspaiteacenhy beitigethighdpeshieitneanlingovavigoemd

the powRLigval of RELALNIRYIRSATEY 18 sl dRvRLAT TR G Himited (RLL)(2,
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
erase pattern may be the high level of the multi-pulse and the power level of the
trailing pulse may be the high level of the multi-pulse. The power level of the
leading pulse of the erase pattern may be the low level of the multi-pulse and the
power level of the trailing pulse may be the low level of the multi-pulse. The power
level of the leading pulse of the erase pattern may be the high level of the multi-
pulse and the power level of the trailing pulse may be the low level of the multi-
pulse.

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

the high level is half of a clock cycle.
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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. 3 It is effective
that in ftep éfedre/ératdeval sieprediterniiret IBNRY IodgteedeformiedasNRZI data is
mark, and in step (b) the sicon level ofé)reaﬁtermian NRZI data is
Al

fNRdcr s A e T AT lBRatRY WAVRTSARIHEN | PSRRI PliIsd, MR data is

fdheedase pspace. 5 includes a part of the cooling pulse. It is effective that
if the ending time of the cooling pulse s less than or greater than 0.5Ts
from thLTAFP GBS SAETREL IS, AecahibAvve fcisadrye patem
inuistommpagttiod treseopiitigrpunsseadess effadiivel shitréferablyndingitime of the
u|se constituting or included in the multi- as a high iq.level and
R B e P PRSI IR ol R 1Sl B G5 6 the NRZ
signalinththelueaiodingneatiéthePeddiad pulbe fecondigghEpmieasdgmaern increases
Ieas(sgé\ﬁo power levels. Also, to accomplish the above objectives of the
Og?ése' t]snvention, there is provided an apparatus for recording data on an
optical reeferhbty needininpuldaatorisiiiothgles iackowdimthaveditirpulse has a high
SEISIANNS il hich geperates A seardingaYElom g 8BRS ing puise
pattern containing a multi-pufse and a recording pattern-, and a pickup
famiinghibb egqabielngyptterthe optical recording medium according to the
generajed respidnpavavelonmy,so-that Amark fr.AsRase s jormed
Preferably,%e a}/pparatus N0 IlGES AEhahnal oaurkaioR Uit wriich
20 chaAtss moddatesplsta ihe\ateddrobjabivestsitlh emplesaipuisvénson, there is
fgenasted, NRZLAaa pihe eogrding avelonn Eners g o
PEYE erab?y, t%%pplcz?(up LRIt IRCIUdes a TGtor Which fotstes The opt%al
irelcoiesn g medioningn ojpticdb head)eviechtmgpliesitagdrtieageserates a recording
tical rdin ' iyes.| b reflecied from the .. )
L A R e TR S S Rrcing paiern
antb i parid theroptidat hegopli@sdightader thevoicat técatdeigdriegsulasaccording to

e SRS ID R R BRACL BRI RERCEE UM QE Thes

Preferably, the apparatus also includes a channel modulation unit which

edium, which

channel modulates data provided from the outside, and outputs thus generated
NRZI data to the recording waveform generating unit.

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

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

BRIEF DESCRIPTION OF THE DRAWINGS

The above objects and advantages of the present invention will become

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

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

FIG. 2 is a block diagram of a recording apparatus according to a preferred
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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
ediagtamegftmfeherpiegeyma\'/mferrticﬂtpcording to prior art-, FIG. 2 is a block

diagra recordin aratus ordin to a preferre embod

of the BrRR LB, FIE 8 1 A o ELEM IR A O BlotRSALAIEH epparatus
obfli@ pecording apparatus of FIG. 2; FIG. 4 shows an example of a

wavefo ge erated by a recording 5 aveform eneratin it; F G

Shows B SOHDIED1 S AIENs Pl g2 AR o eGPy & recording
vmae&jamggaemahgg:ausuult FIGS. 6a through 6d are waveforms for

explai es of efase patterps cordln to a preferred

eGP B R T B A Y UL sy the recording
m@xmﬁmiasgehbl‘auhﬁlﬁmﬁa FIGS. 8 through 10 are shapes of marks

record lation S. 11 throu h 15 hs sho the

Characia o0t VB R 2 SRS B S5 B O hovieg of erase
pﬂtteuhmmﬂer&hgstofaapﬁét@r@ﬂ\/emhxd)dhﬁﬁeomesme‘kmcmweahowing a

recordi od accrdin referred e the present

inventi E&%Egecﬂ“é?? g’rﬁﬁ?ﬁl%x@ %Eﬁg@g% ‘?MENTS FIG. 2

is a bIoIéIGSa@rammm mmwwmmmww anpacsemaldtian;

embodjmet ‘lﬁtﬂ}r '”Ve”t'o'hs e r@tor%mga?aéhéanr %%B%ﬁg DVD-RAM:

apparatus ‘which HYS'a thark onan opti i medium

pickup EI®SL, ¥6 lthcou@nngWavefgrapger&tra\mrrt_tgdlhammirantéaaﬂmmiea DVD-RW;
m dulation unit 3. The channel modulation unit 3 modulates data which is

input from the outside into a channel bit stream. The recording waveform
generakilg @2iiti? e2Bowchave s oeviiguaned dut ditngametinobigecerategydo a preferred

rrﬁg%dmg thV%Y r ré% nac %nﬁ trpe received channel bit stream. The
recor ing wavefo enera accordlng to

DESCRIPTION OF THE PREFERRED EMBODIMENTS

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

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

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

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

Referring to FIG. 3, the recording apparatus includes a pickup unit 1, a

5
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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
recaveiognwevedtmfgeneraBfignarsuir 2,spaden kanBehowd@atexa@nplehe pickup

of an Iementatlo he recordin rat of FIG. 2. The sa
bk R e THlcacbl B 82U rchBHGE e A ar (B ERhbead 13 for
r@z@tangtlasewnlgm oefiisied dReferring tqoﬁlﬁl alstb@mr;twheg/apﬂmahusz for servo
includes a, pi kup unit 1 a5record waveform gener t|n circujt 2, and, .
N RBE Ao TR S G U TR G 2 0, S5 ICF Athag o) installed
mpm:abﬁjlsa:l]l@@,dateoptlcal head 13 for receiving laser light reflected onto

the op Id| c200,as ocwg;mt 12f rservo covar?fl and a laser

driving citeuf i‘E’i’SJ BRAYAAL FH)eQH ALRENS UjiQ, & CRARRRL bit stream,
aopticathes NRZ [Tihatahamhel reodtdatgrv@amftdmtatgemmnaum@tannmla generates a

channel bit str am, .and out recor. aveform
S (R A MR e OB R R g waveform
talthe e pdvivithesdineuietdrding waveform to the laser driving circuit 14.

10 Th S rdnvm C|rcu1t 14 forms a mark or aceb ntrollj e
it e TR A el S AR e SRate Y SR aser with

uaim@iiedaroajead nateor iy g weomtbng. waveform generating circuit.

Referrl‘:_lgéo FIG AéwNSRZI dataa cha}nge acc\g)v%i\i/ré to a meondel%lqtl%n Bwethogecor din
15 of the channel modu?:!&o % EFIII)%IS if the raodulation ethod is @ Rén g
vuamegmlnganeobtﬁagLo(muﬂO) series method, that is, accordmg to Elght to

Fourte Modul FM ht t urteen Modul t|on us EF
i1 or b G A Mt R Heb A B Ao don method
ofnﬂnermhmme]rkﬂedgthtm l’iTsThﬂeris [ﬁ(%ﬁme@tabdulaueﬂnombﬂaoai Run Length

eI P Ol Be O SER, £0 AAER G2 By o Founer
Mnddlﬂuoan(lél-'dvﬁcl&sght|Wﬁmmt@anemmmmnoplmo(EBMﬂpw(&mS) and Dual
e e AR g
Heyeh & (Beenisapphiodatation method disclosed in “Optical Disc Recording System
of 25GB Capacity” announced by Matsushita in Optical Data Storage (ODS) 2001.
Dual modulation is disclosed in Korea Patent Application No. 99-42032 “An RLL
code allocation method, modulation and demodulation method, and demodulation
apparatus having improved DC controlling capability,” filed by the present applicant
on 30, September, 1999, and laid open on 25, November, 2000. If data is
recorded using an RLL(1, 7) series method, the minimum recording mark is 2Ts,
and the maximum recording mark is 8Ts.

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

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

least one pulse having the same width and power. In the present embodiment,
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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
T foisr@d Bs a Marindicdt@dowdanieltts b time thes puisEterniinyRledataling pattern.

the recording wavefqrm jnclude a recording pattern for recordin mark ..
ok AieRRg NG e WHERHR R RN £ <FaRW S R9Tenciheakiging pulse
el rekofaing pageondioyrpacsimgoanarkasbapdfidemgtitehhe iedicedi#x) the width of
attern is ¢ osed.of a.pulse train. Alsg, the erase pattern is formed.
o s S T A EIRAS PRI AR RS AT ment, Temp
i9T0u Bifpulsesfprimitig ste's co otnio ¢ dttern aHwriat thbenuNiRZIlsatadicatensited from a
least one pulse hayving the same width and_power. In.the present .
BRI o B el Ay TR e TR or AT hguise forming a
régurdirgyapatendistapatteMsfpl blasdicatrfiubrosidire(dthhatiooviendewélaof an erase
cooling pulse..The copling pulse_exte from a recordin rn to,an .
PERID A S A S 3 et AR BB Ay mutt-puise
c_ant_ahase paua(arasehmptmfgeenemabtdjmeevﬂﬂhp, She G\&XisTSipfgtarts from high
I(&i\r}g'ﬁ%%sq%ig%nr%%ﬁri?éﬂlg 0! (\évahr?vvk}w

RZ a.s tran 'tedq a_low :
eveltoa level'td a point (start o f‘lar’s't#p?l?rtge')svlv Sesnﬂz}l Irs %Efs"émd a multi-pulse

ctorainghimenordiage adterstartds Tafpdvadeve lirffloen teconexthEs fpoywaintains low
| IevFID f.an.erase u[ﬂattein. That is, as shown in FIG. 4, if Tsfp is greater
Warr 5P D

Sé. ) .
an and amu |-pl§alse contained in an erase pattern ends at low

level PBIGhé rsiavils ipnsitines Erantplsh ab evedWiidroi thenmadtegdubsethe recording
Wl\a/ll\?e O\fvrp]ileéri]fe‘lr'g{f) is I}-:-&sjiﬁhan 0.5Ts and a multi-pulse contained in an

erase patgern endaht Iow level Pbl, the next Tsfp maintains low level Pbl

of the rRetteqirgetoHHBS.55 holnenaihet tneg e xeveplef di RZValagtorsnformed as a mark,

by,th [ f i ircuit. Refersi
B R e e R o Bty P dptuces
réeoetindgattdafoa s djnerswnidofawaviogth juileliesa paitendifay forming a
f ' fa7Tl '
B A A e A I et
Iength.ﬂhea_ recording mmmisisouqmeﬂed @b_ms_ewiam.tmm thilgpagbe erase
p%%%ﬂtﬁsr@ﬁ]f@é i WL AR S R ASTRM MBAMPR ! FmEWiicates the width

ates the wid
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
extends from a recording pattern to an erase pattern. Temp indicates the width of
an erase multi-pulse constituting an erase pattern. In the present embodiment,
Temp is 0.5Ts. Tsfp indicates a period from a point when NRZ| data is transited
from a low level to a high level to a point (start of first pulse) when a first pulse
constituting a recording pattern starts. Tsfp has an influence over the power level
of an erase pattern. That is, as shown in FIG. 4, if Tsfp is greater than 0.5Ts and a
multi-pulse contained in an erase pattern ends at low level Pb1l, the next Tsfp starts
from high level Pb2 of the multi-pulse. Meanwhile, if Tsfp is less than 0.5Ts and a
multi-pulse contained in an erase pattern ends at low level Pbl, the next Tsfp

maintains low level Pbl of the multi-pulse.
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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 feNBHY eaateodign Gattere Walefdicatesahexmiinldyrédion types of erase
of a coolin Ise. The co ling puls extends from a recarding, pattern
N R o R o R
constrttﬂwfgmlrn@n@sm%t%a thirdn@rprwemaembedlmrnﬁmpomm:@me present
mdlcates a a point w ZI fro
R B PR s o e () et JOR NG el LL. The
dMM@@E@mM@&@m@t@ﬁ&é’@W%Mrrﬁm&mbemilﬁQences can be
er level 30 of a rase ttern. Tha a nin FIG. 4_if Tsf
B SIS e ot (R E S AR DR BNt ShaiedeRding puise
f@’tﬂmglevebl%ﬂetlpamrt Eihete&mefram thl@hdm/eimpbﬂﬂm the following erase
m&}l @]Ise Mea & l fp is Iesst nOST; and a uIti-PuIse it ds at
b ERES e AR S eise TR Soir (B SgE pattern ends a
theaMalesdeUeydtePbbmfehEmmhIbfphls&)IR)WI@gSTﬁf@ tisrthegbdideass the high level
veforms for ex n| four feras te accordin
PR Bl e cBs LT le S TR BRI S e leading puise
fdhmngraﬁdertheeemtepameme fﬂmnmlmg tie pigisdavahP@ion dre following erase

# u Slrétoalf'lo aﬁ/ re%e‘%\ls?ﬁer(gge m’u UII-SE orrgq'r)n Thel’%g? Ipattern ends at
e e

ences o erase patterns are Marked y Cifcles 0% ences
tlmartmlgh dael\wyRimii,etlsmbﬂ/elF|aﬁttr(a)fbewmgaTeﬁ)tbanthmpevtrerbef Hethe high level

Pltﬁér ?n%ulse feorr% Bhﬂ eras %rznzﬁ erndst gSame @s, the Iow Ieve]lePlgl %lng pulse

owing erase multi-pllse dn & Iast erase u
fdnmnggatrhreee&aeqoea&ennmﬂde atrttee arsv\thevblghblerdee Bbﬁ/erﬂwelfoﬂdmng erase

n@‘ rf 'Sﬁ&?jﬁ %W%S%g'qu'ov\\// %fgl?gr oléng S ?as aItern ends at
tlmr mﬁstepekﬂéhirshbéeamhefaberfellmqin@\TefrPlsZtm Mrﬁellawthg kmrslevel Pb1 of
o S e R BB A B0 i e
f@rsnnhg fHghelass pasRol ﬂsetheasemmlaqotheelow) levelirtidatfsttreafeiewing erase
oL L U SR AN IS8 PR encs o
thﬁdipd%elfd?bﬁnghhdeeralsefp‘dmefnlIemisgaﬂ' she ¢ogitinesasl RbRetlas [theellow level
tf&e {ﬁg%’.\’é{& Tr?u‘i’u'?)ﬁh? same as the low level Pbl of

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

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

the trailing edge of a mark is prevented and the characteristic of reproducing is
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the erase multi-pulse. Finally, (d) ILL indicates that the power of the

leading pulse forming an erase pattern is the same as the low level Pbl of

the following erase 20 multi-pulse and after the last erase multi-pulse
irftpmtr@lthenerpaetipatsemremlde abdbrllny esetfmthaieneh dhthre embodiments

follo tin be as the_low level Pbl of the era
R eD Py e AUt BN =Ye] I A e ow level b of
ttféemgtg mLHtICpalséesara@ﬂtfsteﬂ htitBirs ﬁnee@me taet\(\aaelri-lamﬁ:t@ @nd 0.75Ts for

Eﬁf?ft ttra Tem tged ratl n 25 time of the eI Ph2 ?era f the di

€e ‘o 8 W%?QBH%PT% ét? Hplfedt the disc

2o0viseseldetd af tl’rewereﬁmnuttephbmoseﬁs%mf ,Pé:pmoéfotduh@ |§ hersamproved.

as (a) LHof F t that the duration time of the h level Pb2 or

e o MEAT Nt (RO HE o bullE T WERS. (0L vEtao6r PaMEIS (pe
irﬁodﬁ%&mp)z ntizgt ise thecatiedfithe desadiom tinee abfthze EgbritaleleP2 @ may be

(ﬁ é ftheI eveI Phl of the er rréultl Isef rm| gacyc%lH an be

a8 e ﬁ 38R ot Wa 19REGER:) THUSIHESS: when

de&aasﬂmgwdedfomoamgrmpgamthe madertt/pe/emttammhaerafrmaslee Iead in area
attgm (;[%ntalnlrﬂj%f;tn erareeI mgmi pfulse of which L power | IS %h Ie\bel eneratln a
O5r I 1eVet P\gP hd therefore tiStortion-of theft‘ralllng edgeO & mandi 9
cprm@ﬂadlagdrmmmacterlstlc of reproducing is 8 improved. In
partlcu|ar i I%rr]ec rdl ve(fegsrm SII’JgV\én in eemb%d entus ed. as a svmbol
described 4 ove the %ur nypme eveﬂ§b51 and the ow 1R Y
||1%lutating1e( ehnass rmdzte@ldfsa |d|adjusted \kmttni rof acoaik tmhweemm%“fecorded and
&) ro u75TSf clg% Csﬁ? '%aréq(%dura Bhm time aﬁpoﬁ |ate é)rrtr?a Ige al. e speed
arac erlstlc RGE 3 ﬁ 1§ 28febed; Thera ore, characteristic P P
ofapdnsh:umggslﬁdwmmmpatt\ﬂeamﬂﬁlenutlfm)tmﬁnmfscspdwlfbur types
of eras t r r n legd-i
2 roconuB P oA e e aL 1R S e BB et & man
récfacheation &esiulatibis vase phvdeivedata Th eestidddiaeesedinig the S|mulation is
SRB% AYaaRaeS ?ﬁ? 'BTQE”&%% Arefa g?l":f\‘lllﬁ%ﬁj i r?é%az%ﬂ ?é;}é‘?gbtﬁﬁq structure.
le signal, and torms a ma or a space by generatin
correspondlng waveform. In addition, the four types of erase patterns may
be used as a symbol indicating X t|me eled of a disc or the kind of a
mark when data is recorded and repro uced For example, the erase

pattern may fdiieaie inforréglientric'fiie speesdrding Dielectric film | Reflecting
film film
Material PC ZnS-SiO, Sb-Te ZnS-Sio, Ag alloy
eutectic
Thickness 0.6mm 128nm 14nm 16nm 30nm

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

waveform according to the present invention, and (c) shows a mark formed on (a)
9
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15 of a disc using LH type erase pattern is 20-multiple times speed.” In
order to test the effect of the present invention, the shapes of a mark
recorded in a simulation was observed. The structure used in the
byimelqtﬁm lartaie@wmingabm/éfoThe disikessixb|ninhE Ginylatioshbagsa mark formed
ered film stru re. 20 Table 1 strateDjelectric
bm oY BR-:'I |(§lﬁﬂWI§e€f‘ler5m fﬂﬂﬁﬁﬁ by a recording waveform having a

ehate patid pScBidREPtd elde HrEgEM natoyientest (f) shows a mark formed by a
ThicknessO. 6 m1l28nm1l14 m16nm30 ﬁ"[he conﬁﬂﬁﬁns of th

P Q%W?Yr‘? RIG %V\}v”aﬂ/ n‘?“’fﬁ& ro '&t&r%s(g) shows a
n{abk) forbive iy aHmesahutﬂuomy Qﬁﬁsmmvéontnedmrsultobsemmgetlsbapam of (g) by

a mark, after a recordln 8T is recorded, the next re
e AL HUEET ) B pRLE TS b AR BT oS ae result of
emdSig %&ﬁka@bmmMahammmpaﬁam of the mark

shapes]_ %fj' rior H recordln% wavefor Iused an the ma lation f

shapes wtﬁ é’é’“’%dm& AR Fﬁrgccor |ng 0 tha pr%% Indenti ‘%‘H ation for
intepresed) he&lG. 8, (a) shows a mark formed by the simulation, (b)

shows a mark formed on (a) by a recqr%rég 430 waveform according to the

present invention, and (c) shows a mafktormed on (@) 9 by the prior art

Magetading waveforsnshikewise, in FIG. 9, (d) shp&S/emitrk formedwWigntise
simulation, (e) ?]IIUVVU amark IUIKIIUd by a i‘t:deing waveform kaving a
erase pattern according to the present invention _and (f) shows a mark

Z’f@rﬁi@é by a raé&ﬂﬂngdwavefo%qqgving the pr &%Sﬁ DC erase p%ﬁ%?ﬁ. In

SEHG. 1@ufeptishovis@ 5 mark formgePby the simufagiem, (h) showsaleaesult
((gf),gg@sing the mark of (g) by the erase pattern|according to the|present

|n antinn AN chowe tha ra |||+ of _ocracinathoa marlk nf (e hvitho nrunv

TCI LLYA®4] If Cf]c \ UVVO 1T 1TC{ craon IU LI .I I'\Ul -\H}-U_y Lolﬁdé
D erase pattern. Table 2 shows the parameters of thin films used in a

(Aéﬂﬂ'iﬁ’f‘q‘ﬁﬁh for |interpreting heat. 10 Table 4 MaterialA =405nmG(J/cm

AKHHOW/cmK) nK0.170 2.070 2.450 0.2000

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

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

650nm and NA is 0.60. Then, the characteristics of repetitive

10



10

15

20

25

30

ZnS-Si022.3000.0002.0550.0058 Sh-Te eutectic 1.6503.1501.2850.0060

(Crystal) Sb-Te eutectic 2.9002.9501.2850.0060 (Amorphous) Ag

alloy0.1702.0702.4500.2000 Referring again to simulation results of FIGS.
récthrtingheflodirishpawecthaingedraiingredgatohientwmrkiersnedipdned with the

recording waveform having the erase pattern according to the present
PiRieRtarelrs

of FIG. 8 is better than the trailing 15 edge of the mark
formedrag e lreabrdunghwes efeny zphsgsthenwingrtag RRaesssaiprideot the DVD-

of the priar art hod qf (¢) of FIG. 8. Like the trailing edges, the shape of .
R Bl LT a Rkl et AL B A ity gecording
uthieg reseotdivg Maved umadiths s DEveiasel Gaerhhef nesottanf tel FIGS. 14 and

imulation shows that the shape of a mark when the recording wavefqr
R e S e Y A LE R g fEV R $1eihe present
inogprived compri@d 10, th@priodartb)BylealjuSittey thbataperistidth,veitid respect to
ower level of the Srase multi-pulse distotrtiop o]I tl}ﬁ sr|1a of a marktcarLJ d
r%%or NG POYTRLENE SRS RO eSS SN IR ¢ eeeﬁé)Ee{”o‘% {5 dLalipg edge,
amyéatibred gasaonh etenarkeaded priobtamDg tvasecorBasepdare(ajraad (b), 14.5mwW
shown in FIGS. 4 25 that js, the duration ti nd the p(r)nvxé%rtéevel,

Gl R e b S

DVD evEStdrdanditd shevases wesdargthresu@iSOnithamqmtidiAars DE@rase.

Then, the characterjstics, Qf repetitive ding/reproducing di
o the prE NG a b  E b B et B SRR, he mos:
pldfenableyfittes ehaugretehiststsana s iosvoharesterstics @bfedddviRANMISTp = 0.4Ts.

e Ganirafiel il 1R st nefe aes SO ANLANP HEERIEURZ s 0.775
using a recording waverorm with a erase pattern-of prior art, an
FIGS. Based 06 shewanamnetexs fezpnaes entaboabita nesinm ahiscoring mark was

fc‘)él\!rl;%a\%;%ﬁif étfg%v ﬁreczrs’giaggé?\(@%gpo% Fﬁg\'/i%l})’ Qﬂéa’f‘&ﬂb’t%‘é’s\’v B]fteérase patterns
described above, and the characteristics of the formed mark were measured as the
following.

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

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

Referring to FIG. 15, it is easily understood that when a mark is erased
using the erase multi-pulse according to the present invention, the result is good,
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recording power and erase power, respectively, for the leading edge,

trailing edge, and both edges of a mark in the prior art DC erase. Based

on (a) and (b), 14.5mW 1o recording power and 6mW erase power were
esplecitely for taepeseives. rEtﬁ&liﬂQ élnakASishonie shesprmasured results in

the pr| rase. err| a) and (c) of FIG, 12

) of PSS 35 E R s AU R fhewr el P Dvo-Rw,

FIGH®. =16.%agd WBeﬁhBWptFreOféﬁaJréﬁedilqtrmt/\&?fe@hdmmt&bf recording using a

characteristics, and T ood when the cycle is 0.7Ts.

RS O B o PERRE BT L ), Sl B L o 20 show

inptio tieel lfeemndmgofvaat&fmimgtamng Htmfﬂndtug%awbémsseqﬁattemsent invention.

descrltl % the c@ra terlst s of the formed markw di

measulBd 16115 15Hb Ry UEIEn S SSh <RI ENSHE AL FsRsgtte recording

ptowe tygoes emmqmgvm th&ﬁébpmrﬁrﬂuntAmﬂeaoBhg\emgeHﬁllﬁg edge, and both

@%ferrl gto Fl can be inferred.that a j tter har cten:{i ggo&) 14.0mwW
& l%cgromg usﬂg are% Pcﬁln%r § ef8rrf3r‘15 |th 58 p flérR le. ), 14.0m

recyr ding pbviarraydetnoleeaasepptienT stmwra;em\elét@d 6 of the present

inventi speciall rrin of FI |s s own that

the begqgngoﬁ‘gi%egfelér%f)pesq ﬁg ngrﬁ:'g o 1 1“?: X érllo\gv en %ferase

erase mehgmmeﬁl@ﬂa thé anasg8nthie- mdse raxecferdlrlg jitdnecheraetdristics are

ventlo d in in rk, the, jitter ﬂga[ract stlcs of A Pﬁ_IP -
b chﬁ gdlf ereﬁc’ce et\ﬁé%rr]t tch hlgl(t) ev Gfo\\'/vvq%v%?% tne%55Ts, and
TQJazsaS'gaiuq;miéeO§ stmolvih 1TESs shown that up to 5mW there are no big
dlfferergze 3&) qu 15 shows.the jltter characf‘a(ﬁrlstlg%m eth reﬂs]ults Q

f
repetltlve recordlng?rgprgmu%ti?trggs using { e reco¥dong Wave orm awr}{j ﬁ'l mark was

farasd pattbrrthaccendmgrtg thepeezent rexengotheoriardypespradr arase patterns

CBEAIS SHAIE: 1t RTINS RIS GRS mark were

us ng e erase mu resent invention, the resu
rrgmﬁilreﬂi esnhelédiLVOWM@ repetitive recording characteristics aspect.

ovo R g B S RS R B i o

recordiR@fmmggatcré%iGrd[t@ wasestownithat DB e/aee@atterheﬁtmmnoag, the four
t %.Fl%elr? t‘wede%gs%qs%em 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. Since the characteristics are suddenly degraded from 3mwW, 1mwW
was selected as the condition for the repetitive recording/reproducing experiment.

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

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

Meanwhile, the above experiments followed the DVD formats and therefore
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10

15

5 improved features of recording using a recording waveform of the
present invention. In FIG. 16, (a) and (b) show jitter characteristics with
respect to recording power and erase power, respectively, for the leading
thesl gef- Wailing ddgeican thiedito ce dgas osednadweveprieraay RE ethse. modulation

BRI B TR A5 ) g oo

nastietierads. usetetriogds U (il He thedsafhdhe most preferable jitter

characteristics are shown when Tsfp = 0.3Ts and when Tsfp,= 0.05Ts.

Tie waldao0 RN AR AT 5o 1 2 A B FISREGEdne present
inve thie pamspdtersthrmtricaraite sbiihiee ibo tkisviiayow edxplaindd,

formed with the recgrding waveform having the four types of erase

oo QoAb B B T RE I O DN RoEA i o @ preferred
efabodiuaarofitbeepresantirdeasidine following. FIG. 19 shows the jitter

characteristics of the four types shown in FIG. 6. Referring to,FIG, 19, it is .

chown T LR TS it T Gt e SEe N i h T o outsice
muadtdadoninediaid) treleyase midt-piRIe datantirgdp t@Opresehen, the recording
af5Enon issed . erasing amak, e e csacler s oL ARBFDZ aining an

B%f’) AHRPE S Girr&t ERcEbe i e hlgnefeveq 56 e P8 ST the 9
eegiasenmuiltitip s énssermWA0Sindddimg char geteeisties asecididgaveform, a mark
of hERtce et e R SR T S Shows the i

: . jitter

charactssistiesailipd rafotve pf aepetding ribeorgreggrapiodectrapnusangiie¢hod and

recording pulse having the erase pattern according,.to the present .
PR LB WA A LR Y e, prevents
detastdn udirigehshaps @ hallipiiséusctordead iotdréepeasenaimydredrachamulation

resulti 0 jally in the repetitive re i racteristi .
W TS e T U T S SR B L i provicea so
tiR00tetrhasadirastics efitésatthnglrepav toeipglseccirageavedhod 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 DVID formats and therefore 12 the EFM+

modulation method was used. However, if any of other modulation
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methods that are normally used, for example, RLL(1, 7), D(8 - 15), and
Dual modulation, is used, the result will be the same. A recording method
according to a preferred embodiment of the present 5 invention based on
the structure described above will now be explained. FIG. 21 is a flowchart
showing a recording method according to a preferred embodiment of the
present invention. Referring to FIG. 21, the recording apparatus receives
data from the outside, modulates the data, and generates NRZI data in
WRELS18A1e%hEN, the recording io apparatus generates a recording
waveform having an erase pattern containing an erase multi-pulse in step
1802. Using the generated recording waveform, a mark or a space is
formelt on thBbRRRAPHIS D HBNINGR F°E80H I RIS ISR Shevepattern
according the present inventiampticalethocagonapparatussfonsecondpg
dataninnhich e yeceingnavalarn whishinsgvents dadistostipmgf the
shape of a mark due to heat interference and heat accumulation when
PRAFLF S8R Y d improves the shape of the mark is used are provided
so thatreiserdinareereristcgentreidtg dingdessrathicintpenalitapraveidim rhich
MéhakislrimadtisulsARamRar plus fer Joripg  seEeandinehpaligiaiagd an

SIRSS pattern 8&‘@%8%?‘&?&58@%@%5[]?9&%1%‘8 %e RN SRR,
aving a First level and a second leve , respectively, in an optic recordg;%
2y TRt SAX EEBHIIAG AR BATRTT JLicsPenss Griieearenstis
secerdipg waseform which includes a first multi-pulse having a plurality of
first pulses to form the recording pattern in response to the first level of

the ingut data and a second multi-pulse having a Pluralit of second
o ¥re LRe Y

pulse&to forn thBPRAIRN SR BB URd YRYFIRE) I5PfrRting
imigedatates aTioeliappatetrs efrsidion af vt imuliertds paithgrwies ferpn

SeneRlingd Wikiganasates a cooling pulse as a portion of the first
multi-pulse and another portion of the second multi-pulse. 3. The

apparatus of claim 1, wherein the first pulses of the first multi-fulse each
have &-first dURP GperRraHy A FrsnampieiiR hmbriheussesidnglist §etithe

pulse each have a first duty cycle and a first amplitude, and the second pulses of the
second multi-pulse each have a second duty cycle different from the first duty cycle

and a second amplitude different from the first height.

4, The apparatus of claim 1, further comprising:

a pickup unit forming a mark corresponding to the recording pattern on the
optical disc in response to the first pulses of the first multi-pulse and erasing another
mark to form a space corresponding fo the erase pattern on the optical disc n

response to the second pulses of the second multi-pulse.

6. An apparatus for forming a recording pattern and an erase pattern

on an optical recording medium in response te input

data having a first level and a second level, respectively, in a recording apparatus,
comprising:

a recording waveform generating unit generating a recording waveform which

comprises the recording pattern corresponding to the first level of the input data, the

14



second multi-pulse each have a second duty cycle different from the first
duty cycle and a second amplitude different from the first height. 4. The
apparatus of claim 1, further comprising: a pickup unit forming a mark
corresponding to the recording pattern on the optical disc in response to
the first pulses of the first multi-pulse and erasing another mark to form a
space corresponding to the erase pattern on the optical disc n response
to the second pulses of the second multi-pulse. 5. An apparatus for

g'ﬂﬁ)ut

JoRipgia e RAAREPRLRMGEY @a}r@%%%mg%pngfgé&ﬂetig%r%??ﬁ

medium in resporise to input data having a first level and a second level,
drigpanthR BRI rRdBRdTRG @ipRRingthe spRpFingaad scavaiRgtRE R orm
generating unit generating a recording waveform which comprises the
recording pattern corresponding to the first level of the input data, the 14

erase pattern RAVing AEmisPHIGRFRIEERPENTIDR 18,1R S5 HdRYEClvaveform,
the input data, and a cooling pulse concatenating the recording and erase
PURBHYES. An optical recording medium for storing data using a
wavefosrfirstorter singispdiiain atcaoRire s Bne:ia affeeORineRIsRd

of the wavelorm..and a.second slate cores O”dért‘%to aﬂerase gf“em fo
the wadetorn. WRBIRIROTR QBT EGRPASEE L Ll}ﬁi-‘%Y O gvherein:

the recording ﬁmtera%ﬂmmmﬂa&emmrﬁi@egtemited _by a cooling
pulse of the wayefrm, nd heeairakie R ing Juediva PLelaim 6. 1o nated by a

wherein: the first state is a mark formed by a first level of an NRZI data
SREE BHESS Sy YRl is a space formed by a second level of the
NRZI data signal. 8. The optical recording medium of claim 6, wherein:

the recgrding ttern cam rises anothe .multiagul e aepd We cooling pulse

. e RE 1C rec?r Ing medium ajh ,Y\{ erelr] ;-
extends from the ‘multi-pulse ot the’recording pattern to'the “multi-pulse of
the eratiee fiastestatd B a mark formed by a first level of an NRZ| data signal, and

the second state is a space formed by a second level of the NRZI data signal.

8. The optical recording medium  of claim6, wherein:
the recording pattern comprises another multi-pulse, and
the cooling pulse extends from the multi-pulse of the recording pattern to the

multi-pulse of the erase pattern.
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