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THE | NVENTI O‘ﬂm mﬂmﬂmmm the Invention The present invention relate o a
s adaptive wri or a high-density optical recordi ng apparatus and
a circuit thereokgumnad nore particularly, to an adaptive witing nethod for
optim zing |ight power of a light souftce, e. g.) a laser diode, to be
~suitable to characteristics of a recording apparatus, and a circuit

thereof. 2. Description of NBdAWW WRFI'IWGQYEW‘IGE“'”EC" a era

requiring high-capacity recor |a optic recordi ng systens

enpl oyi ng hi gh L OB u I SC
drive (MODD) o?qugrgppg”95§$§gryie d|E%Aﬁhﬁggﬁggggﬂggyﬁgzgry QB@EEEA
drive, have been w dely used. qgiﬁgnﬁ I ncreases, such
optical recording systens reqU|re op an I gh-precision states. In
general, with an increase in recording denS|ty tenporal fluctuation (to be
referred to as fitter, hereinafter) in a data domain increases. Thus, in
order to attain high- denS|ty recording, it is very i nportant to mnimze

the fitter. Conventionally, specified in the
DVD- RAM f or mat book shown i B nput NRZI

( Non- Retur? E?ﬁ%“ﬁﬁﬂ@%ﬁéﬁ?mn data haV| ng mar ks of 3T, 5T and 11T (T being

t he channe as shown in FIG 1A Here, the NRZI data is

di vi ded into nmeTle prsber@an@ntibheeckies RFan adaptiveWriting dtethoddor & GigH-deAsity
overwiting. The waveformof a wite pulse for marks equal to or 1onger

than 3T nae;ktjcad rmord@g gpparatns. andia virguid thergof, andanpre asticalarly, ta a8t pul se,

a last puls e trai.n. t he, punber of pulses in
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a conbi nation of read power (F , peak power or wite power (F

D) and bi a2. pomBesmptmreddhpcR&iate@mm 1 BE). Here, the respective povver
signals shown i W-acti.ve Si naI sﬂ?aﬁ
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optical disc drive (MODD) or a digital versatile disc random access memory (DVD-
RAM) drive, have been widely used.

As the recoding density increases, such optical recording systems require
optimal and high-precision states. In general, with an increase in recording density,
temporal fluctuation (to be referred to as jitter, hereinafter) in a data domain
increases. Thus, in order to attain high-density recording, it is very important to
minimize the jitter.

Conventionally, a write pulse is formed as specified in the DVD-RAM format
book shown in FIG. 1B, with respect to input NRZI (Non-Return to Zero Inversion)
data having marks of 3T, 5T and 11T (T being the channel clock duration), as shown
in FIG. 1A. Here, the NRZI data is divided into mark and space. The spaces are in
an erase power level for overwriting. The waveform of a write pulse for marks equal
to or longer than 3T mark, that is, 3T, 4T,...11T and 14T is comprised of a first pulse,
a last pulse and a multi-pulse train. Here, only the number of pulses in the multi-

pulse train is varied depending on the magnitude of a mark.
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,Wth the 2.6 GB DVD-RAM st andard, the waveformof the wite pul seniag 03

conprised of a first pulse, a nmulti-pulse train and a | ast pul se. tﬁ%ﬂdw

the rising edge of the first pulse or the failing edge of the |last pulse

can be read froma lead-in area to be used, adaptive witing is not

possi ble since the wite pulse is fixed to be constant. Therefore, when a

wite operation is perfornmed by formng such a wite pulse as shown in FIG

1 B, severe thermal interference nmay occur back and forth with respect to a

mark in accordance with input NRZI data.zln ot her words, when a mark is

|l ong and a s is short, or vige versa, “fitter is npst severe. LS IS a
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second generation 4.7 umrary of Invention To solve tLEe)) above
probl ens, i tand béas @owert o erafe powepr(EEntl Ehvedeieprtheorgspectide power

adaptive witin t hod. it ng- i nput_ dat n an.opt.ical recording
nedi um usi ng®'@" ﬁé’“ﬁh‘ﬂ%%o‘@e ﬁ%@@ﬁgﬁﬁ%ﬁbﬁ‘%&'vﬁ'ﬂ% ‘pul se, a | ast
pul se and a multi-pulse train, the adaptive witing nmethod conprising

controlling the waveformof the wite pulse in accordance with a nagnitude
of a presentTheawaveformef thepwritel atlseais dhewgme addBatoih acdosdance) waithdthe

trailing spaces of th t r t tive wite - ' Q6
DAN oois° B s adheraienrd £7GE DYB RAM sEERELE" T BihetiBBids: fn Assbidange

medi um usi ngyithehe et GBe DMDRANMUstafdaRd, ether whveformoot tiee Ivimite plisehss
wavef orm incl udes generating the adaptive wj teﬂ£5| se by varying a rising

edge of the compiisespka first RIde®r 3 andE-PHsetraiRcanmgrirsturidses Allwudhatheng
d the. j . : ¢
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wavef orm i'ncl udes gener Ive write pul se by
varyi ng a f 4tdm g leathin afed e Heasiteguhbdapiive agcitingdsnoet posdibleheineeothe ude

of the present mark and the magnitude of the trailing space. Preferably,
control ling Vﬂftetpr%s?/\évfg%r%l?%g%ﬂ@@t-gener ating the adaptive wite pul se by

varying a rising edge of the first pulse in accordance with the nmagnitude
of the |eading space and the nagnitude of the present mark, and varying a
fal i ng edgdhereione, when apmiitecoperatier is perferned by femengsyehtauweite puisiee

o ot or abl o TG ITEIPPRE S%fe skl iRbirbR3HAET oeshr besk PBiigrn
adaptive wigith fespeet ty ashafk iImgceordanca gitdippub NRZIeddtar 9h gthes words,
accor dance when a mark is long and a space is short or vice versa, jitter is most severe.
This is a major cause of lowered system performance. Also, this does not
make it possible for the system to be applied to high-density DVD-RAMS,

e.g., second generation 4.7 GB DVD-RAMs.
Summary of Invention

To solve the above problems, it is an objective of the present invention to
provide an adaptive writing method of writing input data on an optical
recording medium using a write pulse whose waveform comprises a first
pulse, a last pulse and a multi-pulse train, the adaptive writing method
comprising controlling the waveform of the write pulse in accordance with a
magnitude of a present mark of the input data and magnitudes of a leading

and/or trailing spaces of the present mark to generate an adaptive write



.Wth the magnitude of the | eading space and the nmagnitude of the present

. mark, and shifting the falling edge of the last pulse in accordabc | 2@

t he magni tude of the present mark and the magnitude of the trail'H@‘@%& 93
" Preferably, the adaptive witing nethod further conprises applying a |light
power for a predeterm ned channel during a period corresponding to the
shift of the rising or falling edges of the first pulse and during a period
corresponding to the shift of the rising or falling edges of the | ast

pul se. p g JAN 2003 3a It is also prefe}rable that the light power for the

predeterm ned channel i.s read power, or wite power. Advantagequsly, the
hdaptive wri PHIS RBAnYETRS AP BRUT dsth 2 (e, dRNESLISEIEINE GTCUNE" AsSipSi ve
write pul se j SOivEeRAR W k8 a | and/ groove signal indicating whether the
I nput dat a i{sﬁbdiga&?)f a Fﬁ‘a":rsl\dcjllI track or data of a groove track. In another

enbodi nent, an adaptive witing nethod conprises selecting one of grouping
t abl es groupged t.he magnj.t udes of nmarks and aces of i.nput data, . usin
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wite pulse generated 1n response he cal cul ated width on an optica

recor di ng mediagmitufe«f dhaleaging space angithe magnitode of thee présdint miarka of first
and/or | ast pulses of the wite pul se waveform by grouping a magnitude of
a present mark of the input data and magni tudes of |eading and/or trailing

spaces of thg grppeF8tabi@rthat icdhEofinghef tthe WvafefdFAUciRled 9éhéré7tlH95QhQr0Up
or a long pulse group. It is preferable that the groupin abl es store

wi dt h data o@daptives writg pulsa/byrvarying a falling edge of the IasI? pu?se in accordance
. with the magnitude of the present mark and the magnitude of the trailing

space.

Preferably, controlling of the waveform includes generating the adaptive
write pulse by varying a rising edge of the first pulse in accordance with the
magnitude of the leading space and the magnitude of the present mark, and
varying a falling edge of the last pulse in accordance with the magnitude of

the present, mark and the magnitude of the trailing space.

It is also preferable that controlling of the waveform includes generating the
adaptive write pulse by shifting a rising edge of the first pulse in accordance
. with the magnitude of the leading space and the magnitude of the present
mark, and shifting the falling edge of the last pulse in accordance with the
magnitude of the present mark and the magnitude of the trailing space.

Preferably, the adaptive writing method further comprises applying a light
power for a predetermined channel during a period corresponding to the shift
of the rising or falling edges of the first pulse and during a period

corresponding to the shift of the rising or falling edges of the last pulse.



.pulses of the wite pulse waveform by grouping a nagnitude of a present

. mark of the input data and magnitudes of the |eading and/or trailggaJANaggs
of the present mark, into a short pulse group, a mddle pulse group or a

1 ong pul se group, depending on whether the input data is in a land track or
a groove track. It is advantageous that the grouping tables store wdth
data of the first and/or last pulses of the wite pul se waveform by

groupi ng a magnitude of a present nmark of the input data and nmagnitudes of
the | eading and/or trailing " Q 6 JAN Zpp~ 3b spaces of the present nark,
into a short pulse group, a niddle pulse3roup or a long pul se group, for
respective z#nds alsot peefepahile athat ether dighty pawerier the predeteumineshebasnehen
cal culating of t i o 1 wite pulse further includes reading a
shift val ue b?'%%?évl"%gre@b&e Eswﬁr'fi rst pulse of the write pulse in
accordance with a conbination of a magnitude of a | eading space and a

magni tude of the present mark to calculate wdth data of the first pulse
and readi ng Adyaniagepaisle #te adaptive nyritagemsthed | e@mpHses ecasfecting \iheet e

pul se in acc i i i i f nt, mark
and a magni tﬁfg&@%ﬁa}g‘t {r% %%wgp‘g@t& @JC])S%L'{] %:ét}[%artg%%v]\% %ﬂ%d%tngpi}ﬁ ot9 %g&&'?élt

pul se. |n anpidieatirgniapetiiszthe inputadatatis atavor i lapdreadiodr datawof hi graoveput
data on an optical recording nmediumusing a wite pul se whose waveform

conprises a HAFKt pulse, a last pulse and a nulti-pulse train, to optim ze
a light power of a light source, the adaptive witing nethod conprising
di scrimnating between magnitudes of a present mark of the input data and
| eadi ng and/ br anothier iembctimeas af atdaptiver wetimg nmathéd coeneisesi sedeqtingsenai dt h
a for varyjng widths of the fjrst and/or, last pulses of the wite pul se
2 o | ot B grotred by ins mroinoBR o iredSrand apacemat inlt
nmagni t udes Oaafab%lsirfgagidwir?g‘ﬁﬁﬁlgt%r%[ BhlcuEingRAGRRh TG %E@bﬁfs’e%iﬁﬁ oea:iﬁpt Ive
e Ihg the

write pulse In accordance w _pul'se width data, and converti
adapti ve wri storedilinehernseleetedugrasping itapial andh waiingr then wpuki datadusingnan power

| Taht sour ceBoBntie: Wi B obneRitely i ABBhod do thec Goilitaldh Wit plirener
i ncl udes gengptidal ngcdrdirgf medise. W dth data for shifting a rising or falling

edges of the first pulse in accordance with the magnitude of the |eading
space and the magnitude of the present mark and generating |ast pulse wdth

data for shibtdrBrhpiy thei h & f&H ArsSné ast

pul se in acc%ﬁéégn(@y'wht hd}tgﬁg "#atgg’ljtﬁ@%%%e&&a reten Bg%tcgu"%g@ o
the write pulse waveform, by grouping a magnitude of a present mark of the
input data and magnitudes of leading and/or trailing spaces of the present

mark, into a short pulse group, a middle pulse group or a long pulse group.

. It is preferable that the grouping tables store width data of the first and/or last
pulses of the write pulse waveform, by grouping a magnitude of a present
mark of the input data and magnitudes of the leading and/or trailing spaces
of the preéent mark, into a short pulse group, a middle pulse group or a long
pulse group, depending on whether the input data is in a land track or a

groove track.

It is advantageous that the grouping tables store width data of the first and/or
last pulses of the write pulse waveform, by grouping a magnitude of a

present mark of the input data and magnitudes of the leading and/or trailing



_present mark and the nmagnitude of the trailing space. Advantageously, the
adaptive witing nethod further conprises applying the |ight pomgr Lﬁ@‘§
predet erm ned one of the channels during a period correspondi ng cﬁ 003
-shift of the rising or falling edges of the first pulse and during a period
corresponding to the shift of the rising or falling edges of the | ast
pul se. Preferably, the light power for the predeterm ned channel is read
power or wite power. It is advantageous when the adaptive witing nethod
further conprises correcting a waveform of the adaptive wite pulse in
accordance with a | and/ groove signal inddtati ng whether the input data is
data of a | aspacesacf tbhe presanbimarkgriniova tshactk pulsiecigedup,t Be middiet pldsea i s
NRZI (Non-Return Zero, | nversion da}a. It i,s preferable when control.ling of
the vaver or nfaHR B0EsIORBGRISR BTaUBHIAETeSPRLINE FORRS BF thRERISE] ERECRIPA and
the magni t udgedaimt he | eading and/or trailing spaces into groups, conparing
the group of the nmagnitude of the present mark with the groups of the
| eadi ng and/or trailing spaces and shifting a rising edge of the first

Phe o oup. of tinkapirberie whop bicnialla, BY 4B Wil R 1R yio pulsSHarHRe ™ ©f
| eadi ng and/ pkiidedl tdaihd BaSIff vdIgS REFE IrsRigy ed§e &ffed RdtYpulse B! el it Of

the waveformincl udes generating the adaptive wite pulse by varying a
fal | i ng edgepusetineadcordangeuwith 8 goabinatwanekavnagnitude abgreading spacae
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adapti ve wriimd peding kyshifingiuzgoka falihgedgdad olast palskadithewrité pulse in

‘cordance with the nmagnitude of the Present mark and the nmagni tude of the
ai | i ng spaRecorgance witha spawiratignep’ thenmagnitude chthe peespnidnarnand@ udes

enerating t i ol i 144 f the first
Dol se i n acCAgRAGRE LY & tHilrefuted cHlcliBte Wi Sald bl tR0aEiged’ |1

magni tude of the present mark, and varying a rising edge of the |ast pul se
in accordance with the ni tude of the pr.esent rk .and.t he i.tude of
Lhe trol o R anater BrubBiant Sh Stabthe RHERG Mhetot ol ifila At Hataon
generating téﬁoéﬂ@éﬁré&@rdﬁ%ﬁ%dﬁ%%i? aMffitel pldls@ whoske\Wardefn Yorhhgsdd I st

pul se in accordance with the magnitude of the | eading space and the
magni t ude ofa fifsd pyses enlastriplee and avapli-pyise tiain tegoritmpiee & lightpower obul se
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the trailing s
between magnitudes of a present mark of the input data and leading and/or

-trailing spaces of the present mark, generating pulse width data for varying
widths of the first and/or last pulses of the write pulse waveform in
accordance with the magnitude of the present mark and the magnitudes of
. the leading and/or trailing spaces and generating an adaptive write pulse in
accordance with the pulse width data, and converting the adaptive write
pulse into a current signal in accordance with driving power levels for

respective channels for the adaptive write pulse to drive the light source.

Preferably, the generating of the pulse width data further includes generating
first pulse width data for shifting a rising or falling edges of the first pulse in
accordance with the magnitude of the leading space and the magnitude of
the present mark and generating last pulse width data for shifting a rising or



.1t is preferable when controlling of the waveformincludes generatg ﬁgJANEZU[],?.
. adaptive wite pulse by varying a falling edge of the first pulse In
accordance with the magnitude of the |eading space and the magnitude of the
- present mark, and varying a falling edge of the last pulse in accordance

wi th the magni tude of the present mark and the magnitude of the trailing
space. Preferably, controlling of the waveformincludes generating the
adaptive wite pulse by shifting a falling edge of the first pulse in
accordance with the magnitude of the |eading space and the magnitude of the

resent nmark, and shifti the rising ed of the | ast, pulse |n,accordance
D e I R S OS] S S0 o e ARt R RSk e ogdhan

space. .- . e ;m%n controlling of the
waveform i nc‘ﬁﬁ?ég???eaﬁgraz‘??ﬁsﬁ%%ﬁ'gjﬁpﬁrt@%?@ﬁggs pul'se by shifting a rising
edge of the first pulse in accordance with the nmagnitude of the |eading

space and the nmagnitude of th resent. mar d . shifting the rjsing edge
of “The I'ast AdvaBa0ROugyoin.Adeblve: DG MEGAR RS oPoREs S BRBMNGIN  and
the magnitu f tiori bi PRECERSAS t of r t ki of
t he wavef or%@ﬁcf}%@g Eogn%rgﬁ ng thgegdg%?igfgqe\fi ?E’g‘ﬁ{ggdhb@ﬁ;h% ?'{’%"r'\%@a
fal ling edgecarfesponding $o theubbift ofrthedisingl andalling edgek of thg firstupelsef andhe

| eadi ng space and the. nitude of th resent, mark, and shiftin e

a1 T ng edgdlying aeariad creiodiio. o fierdie S e el SRS odeset e
present mar Iqagﬂgiuﬁsg_e magni tude of the trailing space. In another

enbodi nent, the controlling of the waveform i ncl udes groupi ng each of a
magni tude of the present mark and the magni tudes of the |eading and/or
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shifting a rwstengoweige of the first pulse and/or a rising edge of the |ast
pul se based upon the conparisons of the group of the magnitude of the
present mark with the groups of the |eading and/or trailing spaces,

respectivel y iEré‘éﬁ.{rggﬁét/%ué WeheiPthé Oéde}gtgﬁowrﬁhg HRYSOP fOHhEE | cfiRSrigeLuPi ng

each of a nmagnitude e present mar d the“magni tudes of the |eading
and/ or tr ai ldompctipgcaswaveformr ofifhe adaptinei wyte pellsg dupasordanceragth taide of
the present mark with the groups of the |eading . and/or .trailing.spaces and
Shi 141 ng a ineigeisons PHERednelp AR PR e " algBa AT e | ao:
pul se based &8t Hgreev@ardckOwhetbin fife giputpdath ShRRZAGNONUReth 28/
present mark with the groups of the |eading and/or trailing spaces,

respect i vel ynversignddat®y  control ling of the waveformincl udes grouping
each of a magnitude of the present mark and the magni tudes of the |eading
and/ or

it is preferable when controlling of the waveform includes grouping each of a

magnitude of the present mark and the magnitudes of the leading and/or

. trailing spaces into groups, comparing the group of the magnitude of the
present mark with the groups of the leading and/or trailing spaces and
shifting a rising edge of the first pulse and/or a failing edge of the last pulse
based upon the comparisons of the group of the magnitude of the present
mark with the groups of the leading and/or trailing spaces, respectively.

Preferably, controlling of the waveform includes generating the adaptive
write pulse by varying a falling edge of the first pulse in accordance with the

magnitude of the leading space and the magnitude of the present mark.



-0 6 JAN 2003 3f trailing spaces into groups, conparing the group of the
maghi tude of the present mark with the groups of the |eading and/or
trailing spaces and shifting a falling edge of the first pul se Qrﬁi/Jﬁngw
- falling edge of the last pul se based upon the conparisons of the group o
tthe magni tude of the present mark with the groups of the |eading and/or
trailing spaces, respectively. In another enbodi nent, an adaptive witing
met hod of witing input data on a optical recording mediumusing a wite
pul se whose waveformincludes a first puise) a last pulse and a multi-pul se

train, conprjsin nerat | an_3a IV j t b ryi L] ing
edge of the ’Iti Psgr%f&gi Wﬂgec?f?” ﬂ@’ié vﬁ%t ﬁﬁ% ﬁ@gﬁhsrﬁdeﬁ%m%iggl %&\%ﬁéﬁg%ace
and a magni tde gefapiive RARN pUMY by aaﬁywqareﬂrrsﬁh@ ddyd 'd’l'gth‘éd@stoFqulée igecond
pul se in accordance with the nagnitude of a tralling space and the

magni t ude of acdrdpneg avith the kagnitude of the prasent and the magnitugs iof al
recordi ng met%'i utm.Fsi ng the adaptive wite pulse. Preferably, the adaptive
wite pul se & F@"&%g A% wite i nput data to an optical recording nmedi um
conprising inputting a wite pulse including a first pulse, a last pulse
and a multi-pulse train, generati n? t he adaptive wite pul se by _var¥i ng a
falling edgetds pneterapleswhem sentreliing «of thenwaveform H‘Q&#g?ﬁ geperaiingatheadi ng

space and a i 0 r X : i LI t he
eeond pul s yebtys et bue By E felind oy 8F Wi ihsf pLite inMbcehliEnds
magni t ude ofwittheherrmagnitudeaok then ibaditg spate aridhthegmagnituded cidhptpresenti t e

pul se. Brief description of the Drawin The above qbjectiyes and
advant ages dNnafhcany JSEYINT; HVISHY SA9Ri 8&&%&%&9% dn ARSerEnceWithethe i bi ng

avi ngs. | n AP ACA6 O R B s hE the adhit e Rane el SR oo m

di agrans of conventional wite pulses; FIG 2 is a block diagramof an

SRR R R T e R

write pulse by varying a rising edge of the first pulse in accordance with the

—

maghnitude of the leading space and the magnitude of the present mark, and
varying a rising edge of the last pulse in accordance with the magnitude of
the present mark and the magnitude of the trailing space.

It is preferable when controlling of the waveform includes generating the
adaptive write pulse by varying a falling edge of the first pulse in accordance
with the magnitude of the leading space and the magnitude of the present
’ mark, and varying a falling edge of the last pulse in accordance with the
magnitude of the present mark and the magnitude of the trailing space.

Preferably, controlling of the waveform includes generating the adaptive
write pulse by shifting a falling edge of the first pulse in accordance with the
magnitude of the leading space and the magnitude of the present mark, and
shifting the rising edge of the last pulse in accordance with the magnitude of

the present mark and the magnitude of the trailing space.



_FIGS. 3A through 3G are waveform di agrans of an adaptive wite p LHE

- recorded by the adaptive witing circuit shown in FIG 2; FIG 4 JAN 2003
illustrates grouping of input data, FIG 5 is a table |IIustrat|ng t he

- conmbi nation of pul ses generated by the grouping shown in FIG 4; FIG 6 is
a table illustrating rising edge shift values of a first pulse according to
the present invention; FIG 7 is a table illustrating failing edge shift
val ues of a last pulse according to the present invention; r 0 6 JAN 200
4 FIG 8 is a flowhart of an adaptlve |t|ng met hod accor di ng to an

mbodi t th h, f

Fitter goner GRS AEHE Angaar Ol R watﬁg apicinh Ryl refRRR b
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met hod for awihdhegnagnijudsof dhe leading spage anshthe magaituda ofi theupresemir eof

i ting o r ot o ThETRind Boberr FRUBRE PURE Lo &liion WirkiRg)

includes a %b?nﬂh@ébfm@pﬁe@énlﬂ%rk%nWthé@na@Mﬂfd@rdﬂth@mﬁaHMd §padd4, a

m croconputer 106, a wite pulse generator 108 and a current driver 110. In
ot her words, the data di scrimnator 102 discrimnates input NRZI data. The
wite wavef e 4 oft

accor dance \(/)I\nEt Ff' rgHecgNlh#gna ﬁt@é}lﬁrﬁ suI %omvﬁf‘&@nln%iudfe ?hgﬁaﬁw(ﬂ? %1%2 and

| and/ gr oove sd4ptive. wﬂileepumse byciifting ex falliy edge oathezfist phsevini dccordsater m
controller 104 or controls the data stored in the wite Waveftﬂﬁm control | er

104 to be uptith dee imagritilejghire igadingyspreee @uthe Blrgnityde ofrthecriasest
nerator 1 ulg C iy
Fout of tROAe s oERURT TR Sl SR plISCrRE Rt CRAERcE N the
converts t hemagnitwder of the prespot swrlgandrthe eaagnitudet dfdhedtiailingogpace. gener at or
108 into a current signal in accordance with the |light power |evels of the
respective channels to drive a light source. Next, the operation of the

appar at us shawihdtReFlembdditient, R desieslii %fWhéfwé@éf@Frﬁriﬁ@ILki@stg@pit%
through 7. In FIG 2, the data discrimnator 102 discrim nates
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wite waveformcontroller 104.
mark with the groups of the leading and/or trailing spaces, respectively.

. Preferably, the controlling of the waveform includes grouping each of a
magnitude of the present mark and the magnitudes of the leading and/or
trailing spaces into groups, comparing the group of the magnitude of the
present mark with the groups of the leading and/or trailing spaces and
shifting a rising edge of the first pulse and/or a rising edge of the last pulse
based upon the comparisons of the group of the magnitude of the present

mark with the groups of the leading and/or trailing spaces, respectively.

Preferably, controlling of the waveform includes grouping each of a
magnitude of the present mark and the magnitudes of the leading and/or



.5 Here, the magnitudes of the |leading and trailing spaces and the magnitude
- of the present mark may range from 3T to 14T. There can be m)redgag ﬁ‘)g&?
possi bl e conmbi nations. Thus, circuits or nmenories for obtaining e ﬁ ds
“of shift in rising edges of the first pulses and falling edges of the |ast
pul ses are necessary with respect to all cases, which conplicates the
system and hardware. Therefore, in the present invention, the magnitudes of
the present mark and the leading and trailing spaces of input NRZI data are
grouped into a short pulse group) a mddle pulse group and a | ong pul se
group and the grouped magnitudes of the Bf esent mark and the |eading and
trailing spatradingre $pages Theint@ i t egraspef ®Oompasingr olther @auphi fafs tthe
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and forth in accordance with the nmagnitudes of the present nmark
trai | i ng spathe lasbpulsgesbasadwpomthe eompadsensrhie erguprofdpei magnitudatof
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correct the frdspetivelgge of the first pulse of the present mark and the
falling edge of the last pulse of the present mark into different values in
accordance with externally applied | and/ groove signals (LAND GROOVE)
i ndi cating e | I I Srish Ry > e
track. Thi s%sé&gbe# gﬁ‘ndn"@gﬂ gn{\;l/rgl%tae @Sf‘@tm 'ﬁe'(t:ons?%\éﬁg@ g{rP ugp%r élg %e?ent
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wavef or m congggitver wﬁ%mleQ/dg?iﬂ%é talfirkfle8ye gf ff%ﬁf?(s‘t’ pulsenn! é‘&dﬂ«laéﬁce

corresponding to a shift valulde o e rising edge of the first pulse and a
shift val ue with @pagaitude gf aderding space laadia magsdue of aquesantmank,:and he

eadi ng. and Yarang $8A o3 b dhe sRRohq Wifes i ctepitnod i AR habiTude, ¢ o
case that thef anidiling\epete amdcibet maghitudd &f the pressiti matiedntywating saig) t he
wi dths of the first pulse and the | ast pul se are determ ned as channel

[ ¢ pul
clocks (T) phaytdaia on Hesorticphrecardingemediim using tne)adandive wit Aukee nenor y.
Also, in this nenory, shift values of the first and | ast pul ses 0 6 JAM
Zpp~ 6 of the mark for each of a land and a groove nmay be stored. A table
i n whi ch t hePserfably dhecadéptiviee write iuise deping fuseletd wrige ippilits datas tetam ed

and a table in. which the shift val . t.he falling,e of the |as ul se
e stor od Pl Fechsh g Heklim.Rtibrighe Byt d BRiERORe"arhlng 325t
two separ at euilgd)] aslagypulee BhEPArediti-pulse clraine Gemeestink) the Ridapiive z@Fitd he
wite waveformcontroller 104 or controls the shift values of the first

and/ or | ast psedy) varying aalingdenge aet dhe direl P i cresondance: dvith a8 ons.
ticul i i , al ; h
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data for contargingiafallirigeedge of hrensedortdhpuleeiin @cpatdamceswith avmagnitude ohe

wite pul se nerator 108., The wite, pulse generator, 10 enerates an
Napti ve w4 Gap spacaand hamanikiad Srpe SERERtithARd Hibnitng e
wi dth data foindreidralddine wite gformof the wite pulse supplied from

the wite waveformcontroller 104 and supplies control signals shown in
FIGS. 3C, 3D and 3E) for controlling the current flow for the respective

Co the curr et dRGpIaT B R EratifBe ("0 Vel 120 convercs the driving

| evel of the light power of the respective channels (i.e., read, peak and

bi as channels) into current for a control tinme corresponding to the control
signal for cldie abeye e§iadtives @ndeadvantagesrofithe presericinveatiom avilhdesoms al | ow
the current g : ri¢l:pde t r i unt
of heat is a{ﬁgfelf égﬂ\%%}ﬁt& %& @%éc%@c'ﬁigﬁrcr’g |'E%1 %'%?ec%n ierﬁ%@%%%% ratl ons
of the | aserrefdredée tv the stteur@d drawihgs imwhiths of |ight. Here, a record
domain as shown in FIG 3Gis fornmed on the recording nmedium FIG 3A shows
i nput NRZI data) which is divided into mark and space. FIG 3B shows a
basic wite waveform in which the rising edge of the first pulse of the
wite pulse | ags behind by 0.5T) conpared to the rising edge of the present
mark. FIG 3C shows the waveform of a read power of the adaptive wite

pul se, FIG 3D shows the waveform of a peak power of the adaptive wite

pul se, and FIG 3E shows the waveform of a bias power of the adaptive wite
pul se. FIG 3F shows the waveform of the adaptive wite pul se proposed in

oy S - N - Y b1 o Y .



.0 6 JAN Zpp~ read power or a wite power) is applied during the period

" corresponding to the shift. Likewi se, the falling edge of the | ag g gwp\s?wﬁf
the adaptive wite pulse may be shifted back and forth in accordance w a
- conbi nati on of the nmagnitude of the present mark and the nagnitude of the
trailing space. Also, an arbitrary power (here, a read power or a wite
power) is applied during the period corresponding to the shift.
Alternatively, the falling edge of the |ast pul se nay be shifted back and
forth in accordance with the magnitude of,the present mark, regardl ess of
the magnitude of the trailing space of the present mark. Al so, rather than
shifting the rising edge of the first pulse and the falling edge of the

| ast pul se, Fi@Sedgehmuginy Foar walslermadiagranshof daenfional wiite pulessof t he
direction of shift, shifting may be perfornmed back and forth, only forward
or only backW#pd2 s & black |diagrepyof arypdaplivey Woilting ngitpuitner) a drgh-densdyi ng
two exanpl es _qf. .ar | i I ] [ LN [ pter
o3 and a negicd) Btildfio, aPppidfus GG fn bineBolriEhe'of Be iy

group is 3T)irvieationy ks of a mddle pulse group are from4T to 11T and the

mark of a lon ulse group is 14T. In_the second exanpl i f a | ow grouping
pointer is 4F&ﬁ§- 3 i"%ﬁ“@ﬁo@éi A pRveigam idéﬁgiﬁmst ﬂéﬁ”t ﬂ&gﬁﬁi’ﬁ(yrﬁ? I%E%%ort
pul se group Ricorddd dehéEdaghee lwti'ﬁg dicuft SHLAA! iR G ge group are fromsST to

1 Or and the nmarks of a long pulse group are 11 T and 14T. As descri bed
above, si nceFl®t4illustratesgrpuping obinput datar and t he hi gh groupi ng pointer
are used, utp]ity efficiency is.enhanced. Al so oupi ng_can be perfornmed
G fterent |y FIib 5r8 peBhE st BRcER" Brmeingtidn oL BYReBlopReraln 5t 1B

es dependgﬂggmﬂg§m@phm@FMQna;of | eadi ng and trailing spaces and present
marks, in the case of classifying input NRZI data into three groups, as
shown in FI GFIG, 6 issangblgritusiratingodsing dge shittvaies| ofua firsitpadse acaoiding
show ng shi f I f- 1L S edges of the first pul se depending on the
magni t ude of&%%é*#ggﬁﬁHBC%%%@g and the magni tude of the present mark. FIG
7 illustratepIG 7 &bk ¢alsibdlusteating failingaddgzssinft Vahlds ofja ¢agquulsd atberdingt
pul se dependi ng on the .magnitude of the present mark and the magnitude of
the trailingtoshgduesentanventania 1) ow chart illustrating an enmbodi ment of an
adaptive witing nethod of the present invention. First, a wite node is
set (step S 101 ). If the wite node is set, it is determ ned whether it is
an adaptive witing node or not (step S102). If it is determned in step
S102 that the wite node is an adaptive wite node, a grouping 0 6 JAN
ZOp~ s pointer is set (step S103). Then, a grouping table depending on the
set grouping pointer is selected (step S104). The sel ected grouping table
may be a table reflecting | and/ groove as well as the grouping pointer.
Al so, the selected grouping table may be a table reflecting zones of the
recordi ng nmedium Shift values of the rising edge of the first pulse are
read fromthe table shown in FIG 7 in accordance wth a conbi nation of the

sent mark and the trailing space (step S106). The adaptive wite pul se
in which the first pulse and the | ast pulse are controlled in accordance
with the read shift value is generated (step S107). Then, the |ight powers
of the respective channels for the generated adaptive wite pulse, i.e.,
read, peak and bias powers, are controlled to d rive a |laser d |ode (step S
108) to then performa wite operation on a disc (step S109). If the wite
node is not an adaptive wite node, a general wite pulse is generated in
step S107.



FIG.9 is a graph for comparing fitter generated by the adaptive witing
met hod according to the present invention and the conventional wfii gaN 2003
met hod. It is understood that, assumng that the peak light is 9.5 nmW the
" bottom power of a nmulti-pulse trainis 1.2 nW the cooling power is 1.2 mWV
and the bias power is 5.2 mW there is,less fitter generated when witing
the adaptive wite pul se according to‘}he present invention than when
~generated witing the fixed wite pul se according to the conventi onal
writing net k4@, 8The flowahiast of an adaptivenwitingomethodaecargingdtodin 4. 2 nl's, an
erase power,. of and 100 | te gperations. In other words, according

7. mw
to the B}@«Q@H?"Fﬂé%%ﬁ?"ﬁ'ﬁv% P8y varying the marks of a wite pul se)

the rising e t ' i q‘{%’% I i ol rdance with
the magnit ugg@b?qgf ﬁed} ?gégéﬁ%or@%%@@ jét?lec! erréntégnl tt;h%eé(%ﬁﬂltvhglv @ﬁ@ent mar k of
i nput  Nigthod af the Eréshmim@mibnIanﬂhﬁewaneémonamrmhg méthod. pul se, and/or the

falling edge of the last pulse is adaptively shifted in accordance with the
magni tude of the present mark and the magnitude of the trailing space of

mnimi 21 ng 11t er SERUUPTAN Gk dHiE PR RREGENRODIENTE ' BT oot Zea

I n accordan ' | 3 i : i {Hon,

g oupi ng. ey Che ERet A BIASARY Bribciifct of i? Adapllve WRIAG Tigkbd 164 idrf
groupi kignpity opticatl .recordirig appddafiiipard 4 cireuit duenebf will be desodbedewithd accor di ng
to the present invention can be adopted to nost high-density opti cal

r ecor direfgrefiatotheacsompanyingdrawdids ve writing pul se. As described above,

nrt o h° B S o hit AGSoR 1535 PledbrtihichiBiL B8 BVRIRLT Srs
dat a aFjGt heindR@eist4 dstacdisériina®® i 00 20Wrife whléfoemsdortllet he4 ey M ni m zi ng

fitter to enhance systemreliability and gerformance. Also, the width of a
wite micesompuient 06 a wiitepulseganenator AG8 angina cutrenbdriverel 1. elecothenar k and

t he magni t,u of .the | eadi .railing spac her eby. reduyci ng the size
of a na¥aliar e Hats dfscyRRaR8 0% i dnuaths RBHE MR HEa ardlet | Ve

wri Ui QBRI BbMirolldrid Euttectsl tiePwaleRimOdtid Gfitd BaREIh A2EBRidHER YAt I

awri te pul sewhose waveform conprises a firstpul se, alast pul se and

anmul t i theidisetiminatjon resulidd the datamisciiminater hd2 aodrand/grenye signak ofhe ng t he
f f th I £e. pul [ d i t i tud f t
mark omemsoie 406 itiies e ASWERTT b ik oriontts i B€paces

of the Pdreaemhégwrilte WaveRitRT dritrgiRr 20816 befuptdted iR Bkesrdahid with Whfsd t he
éata on the optical recording nediumusing the adaptive wite pul se.

i nput
conditions. The write pulse generator 108 generates an adaptive write pulse in

accordance with the output of the write waveform controlier 104. The current driver
110 converts the adaptive write pulse generated from the write pulse generator 108
into a current signal in accordance with the light power levels of the respective
channels to drive a light source.

Next, the operation of the apparatus shown in FIG. 2 will be described with
reference to FIGS. 3 through 7.

In FIG. 2, the data discriminator 102 discriminates the magnitude of a mark
corresponding to the present write pulse (to be referred to as a present mark), the
magnitude of the front-part space corresponding to the first puise of the present
mark (to be referred to as a leading space, hereinafter) and the magnitude of the
rear-part space corresponding to the last pulse of the present mark (to be referred to
as a trailing space) from input NRZI data, and applies the magnitudes of the leading
and trailing spaces and the magnitude of the present mark to the write waveform

controller 104.



;2. The adaptive witing method according to claim1, wherein said
controlling of the waveformincludes generating the adaptive wite] puUAN 2003
varying a rising edge of the first pulse in accordance with the magnitude
.~of the | eading space and the nmagnitude of the present mark. 3. The adaptive
writing nmethod according to claim1, erein said controlling of the
wavef orm i ncl udes generating the adaptive wite pulse by varying a falling
- edge of the |ast pulse in accordance with the magnitude of the present mark
and t he maghiere.dbednagmitudes:afithe deading and4railingspasestandsthe mapngude ohod

dj i wh i i [ i f th f i | ud
Gener alRyeertt Btk oyl aRpR B A BT 2hoieiribe MR RERI0R The firs:
pul se Basﬁsr%%#ﬁﬁiﬁsﬁm.hmb@, magfdﬂ%r%né@rorl&%hn@ @Sﬁ?aﬁﬁe&%m

magni tude of the present mark, and varying a talling~e | ast pul se

I N accprising edges lof thefirsh golsies dmdofiallingeegyessafithe last pulsesdatewecesgarny ude of
the trailing space. 0 6 JAN 2fl p3 11 5. The adaptive witing nethaod
accor dwith respegtdp @licasgpewbich complicates the systigMendhardwares Jherefere.ides

ool e I esartaiaBto dnéhionifiesiortte Brtea ek diddineafdfG diq o° 11"
g t44gRing splabies F ARANREN data el gfblided o bvhofpbuILagrads s Aliddige | ast

pul se in accordance with the nagnitude of the present mark an
magni t pdisegroup@ndraldngrpyise goaup and The gealpedi magnitudesnof tivetpredentccor di ng

t laimp5, fuyrther,. I, Si. | yi | i ght f det I ned
channematisAnAghs GAHG ane Tl SRReRARaiSe shi 1 of the rising or falling
cdges of { hankiiih lelERRSnTUdPRASIRG HAESRY SRRRSB A olBE pBlk | ©f

the rising or falling edges o ast pul se. witlng

met hodaad ¢ertislimgctardahee with, theimesgnitudescoflthg dadiyvepat® antiithe presksiter mi ned
channel is read power or wite power. 8. The adaptive witing nmethod

agcor dmagkrpligd fiom the fatrdisedminates i‘\%z»dffrsrl'@zf& hegfalling edarpbihe last t he
et heptisHdck s R IR ReGRIARERA T nRonIdedbPRKCOREEINAR GNP 10,

9. An gdiingispacel td thug fomh hadrieonavéfdrmdiavirg) a6 obtitadlightopowenuHers t abl es
grouped by the magzni_tudes of marks and spaces of input data, using grouping
poi nt ethe Multi-pulsatiaiy ok awnarkiakes thesame shapecasshown inFiGs8Br thatis t he

sel ect gngroupi ng table; and witing the input data using an adaptive wite
pul se 9 rated in

Also, the write waveform controller 104 can correct the rising edge of the first
pulse of the present mark and the falling edge of the last pulse of the present mark
into different values in accordance with externally applied land/groove signals
(LAND/GROOVE) indicating whether the input NRZ| data is in a land track or a
groove track. This is for forming a write waveform in consideration of different
optimal light powers depending on the land and groove. A difference of 1-2 mW in
the optimal light powers between the land and the groove, and may be specifically
set or managed by the specifications.

Therefore, the write waveform controller 104 may be constituted by a memory
in which data corresponding to a shift value of the rising edge of the first pulse and a
shift value of the falling edge of the last pulse in accordance with the magnitude of
the present mark of input NRZI data and the magnitudes of the leading and trailing
spaces thereof, is stored, or a logic circuit. In the case that the write waveform
controller 104 is constituted by a memory, the widths of the first pulse and the last
pulse are determined as channel clocks (T) plus and minus a data value (shift value)

stored in the memory. Also, in this memory, shift values of the first and last pulses



.response to the calculated width on an optical recording medium OBQJAWJzﬁU.g
ZOp3 12 10. The adaptive witing nethod according to claim9, wherein the
grouping tables store width data of first and/or |ast pulses of the wite
“.pul se waveform by grouping a magnitude of a present mark of the input data
and magni tudes of |eading and/or trailg ng spaces of the present mark, into
a short pulse group, a mddle pulse group or a |long pul se group. 11. The

Store i HiEmas o 4 [ and g aspovedi s S0y AtRRS R ECR IS sh R
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magni t udes of the and/or "trailing spaces o resent mark, int

a shor fof fhe flirgy edge ofiths ldet pulsslis stoged Hiaydtie ndonperafsd. Ftednatively,dgpendi ng
on whether the input data is in a land track or a groove track. 12. The

adapt i ebowniiniFlgSnBtandl7 atvwsepaigte tablesamayde piepagedh t he groupi ng tabl es
t i dt h dat f the fjrst. and/ | | f th | |
e B T S S B o
magni : mark, into
- Shor HHE SR vaiEs P 181 NP sl plsel o WRATF(BY ih JPcBBRES Wit

res peCTré@tﬂ'dtt?m\diﬂbnﬁlelmﬁicmbr,riﬁmcdﬂMCMimmnés"g-thé' lightastevpér ¢n wri ti ng
nmet hod accor di nq_ﬂto claim9, wherein said cal cul ati ng of the width of the
wite panserthershiiévalues qfdbe firstand lagt pulses canbgirgsebf a rising edge of a

mmani t ude of % S S O e e T RN g PR RBsCB L o

Tl e e b T b 11 o e cengrdtol 198 Yehepates @

conbi nani adaptivevwrie padse, tasishawn irhElGrifs énaceardangedvith thegpulsesdadthf  a

traill rc‘i%tas Poarcc%n r%lli%%I tﬁglV\"/iatveefc\gmr.nqI to thdea\t;v%teo;];ultsg%ulp%ﬁéd ?r%lms ﬁie write waveform
controller 104 and supplies control signals shown in FIGS. 3C, 3D and 3E, for
controlling the current flow for the respective channels (i.e., read, peak and bias
channels) for the adaptive write pulse, to the current driver 110.

The current driver 110 converts the driving level of the light power of the
respective channels (i.e., read, peak and bias channels) into current for a control
time corresponding to the control signal for controlling the current flow of the
respective channels to allow the current to flow through the laser diode so that an
appropriate amount of heat is applied to the recording medium by continuous ON- ‘
OFF operations of the laser diode or a change in the amounts of light. Here, a
record domain as shown in FIG. 3G is formed on the recording medium.

FIG. 3A shows input NRZI data, which is divided into mark and space. FIG.
3B shows a basic write waveform, in which the rising edge of the first pulse of the
write pulse lags behind by 0.5T, compared to the rising edge of the present mark.
FIG. 3C shows the waveform of a read power of the adaptive write pulse, FIG. 3D
shows the waveform of a peak power of the adaptive write pulse, and FIG. 3E shows
the waveform of a bias power of the adaptive write pulse. FIG. 3F shows the
waveform of the adaptive write pulse proposed in the present invention. The rising
edge of the first pulse of the write waveform of the adaptive write pulse may be
shifted back and forth in accordance with a combination of the magnitude of the

leading space and the magnitude of the present mark. An arbitrary power (Here, a



' 0 6 JAN 2003 13 14. An adaptive witing nmethod of witing inpu@ d?@ 26113
an optical recording nediumusing a wite pul se whose waveformc r@p e
first pulse, a last pulse and a nulti-pulse train) to optim ze a |ight
“power of a light source, the adaptive witing nmethod conpri sing:
“discrimnating between magni tudes of a present mark of the input data and
| eading and/or trailing spaces of the ‘present mark; generating pulse w dth
- data for varying widths of the first and/or last pulses of the wite pul se

wavef orgad powecor dawrite puwer) ishapptiegnd urindethefperivd quresspondirgy fo thadhifhe
magni t udes of the | eading and/or trailing spaces; and generating an

adapt i Likewise,dhgfakirg ﬁﬁgg&féhejéasé@uwetwt ﬁ@%ﬁpﬁﬁ% Wrjte| PHIsgamay berhifted
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pul se hearkiEndethkbtRaghitide SPMeQRlidPspdde A%@Phh\é‘?b%gi Raﬁemé?e,da Fe44" di ng
to claim 14, wherein said generating of the pulse width data further

i ncl udpswegenarwtiiergpvwén) & applieskdwing thedperiod correspdndimy tathe shiftg or
falling edges of the first pulse in accordance vvibh thhe magni t ude of the

| eadi ng spafetesiaf thﬁgﬂmgja gerf theelast pylsrtmay PR ShifiRe Bacreand forh | ast

Ph acclh fbdrdahge Wi B raadifdh. ot ettt Balk, PeuaBRES Shink Magiitbele of
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further conprising a&pl i ng the Ilt%ht power for a predeterm ned one of the
channelthe fitst pulgeantk lingredgspotiiierigst pulsédheltidge effanyhene puisegnay
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FIG. 4 illustrates grouping of input NRZ| data, showing two examples of
grouping. In the first example, if a low grouping pointer is 3 and a high grouping
pointer is 12, then the mark of a short pulse group is 3T, the marks of a middle pulse
group are from 4T to 11T and the mark of a long pulse group is 14T. In the second
example, if a low grouping pointer is-4 and a high grouping pointer is 11, then the
marks of a short pulse group are 3T and 4T, the marks of a middle pulse group are
from 5T to 10T and the marks of a long pulse group are 11T and 14T. As described
above, since both the low grouping pointer and the high grouping pointer are used,
utility efficiency is enhanced. Also, grouping can be performed differently for the
respective zones.

FIG. 5 illustrates the number of cases depending on combinations of leading
and trailing spaces and present marks, in the case of classifying input NRZ| data into
three groups, as shown in FIG. 4, using grouping pointers. FIG. 6 illustrates a table
showing shift values of rising edges of the first pulse depending on the magnitude of
the leading space and the magnitude of the present mark. FIG. 7 illustrates a table
showing shift values of falling edges of the last pulse depending on the magnitude of
the present mark and the magnitude of the trailing space.

FIG. 8 is a flow chart illustrating an embodiment of an adaptive writing method
of the present invention. First, a write mode is set (step S101). If the write mode is
set, it is determined whether it is an adaptive writing mode or not (step S102). Ifitis
determined in step S102 that the write mode is an adaptive write mode, a grouping



> 18. The adaptive witing nethod according to claim 14, further AR AH4:
correcting a waveform of the adaptive wite pulse in accordance(a;ma?\?]Ag m3
| and/ gr oove signal indicating whether the input data is data of a | and
“track or data of a groove track, wherein the input data is NRZI (Non-Return
- Zero lInversion) data. 19. The adaptivg3 witing nmethod according to claim1,
wherein said controlling of the waveformi ncl udes: grouping each of a

- magni tude of the present mark and the nagnitudes of the |eading and/or

traili pgintepﬁss_et (hstep SJi08)pd heo?mgﬁmmrlrigg tta_ttﬁegieog;)dmg am_ﬁnle_ws@grbuumgpf t rd1e
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respectdbteay Fda table refladting 2oned of the reBbrity Areirdi Nng to claim 1, wherein
said controll'ing of the waveformincludes generating the adaptive wite

pul se by vaShiftalues af thentisind gelgefofithe fifstiseatesreadrfrerodbe dalleshamtrh t he
magni t y of_ the | eadin ace and t.he ni tude, of the present mark. 21.

The. adibiIChd raqGORGaRE R 2-eorapeligh ob 124 BrSRent MarsABAhe Jaingnt r ol | i ng
of the | udes generating the adaptive wite pulse by varying a
risi ngsﬁé@%@{s@%ﬂ?ﬁ?@?.ast pul se in accordance with the nagnitude of the

present mar fherdaptiee Wage ipulsécinalhith ehé fimst ipulse smdithe last fulse el Z003 15
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present mark and the magni tude of the trailing space. 23. The adaptive

wr i t i nthemsperfarmaasoitdiapgratiorc baiandisc (staprS:i09) s df theowiterrobde igynof am he
f i ncl ud ti th dapt | ' pul ' i Si
edge. oPGRRE WHE MHAPB HeRSLUTE FHISE (3 G RISHRANSE SUDTor 1 he 'l cadi ng
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the |l ast pulse I n aCcordance w nitu he "present rk and the
magni t owthad acterdingatd thegrepertsnvertionrard thinponventionatl wnitingenéthddadtisr di ng

B oL T ying AL e gt B o 5 B B e 87 oL 1
o cocaTAEPISSIifs TRORULAE Rlolh BN 1, MUGARS (g o 83 of 11
with t hWnthene isildss jittet penerated nthemewriitiranthet adaptivenwiitedeuleé acberdimgitd i ng
space. the present invention than when generated writing the fixed write pulse according to
the conventional writing method. The initialization conditions are a speed of 4.2 m/s,
an erase power of 7.2 mW and 100 write operations.

in other words, according to the present invention, in adaptively varying the
marks of a write pulse, the rising edge of the first pulse is adaptively shifted in
accordance with the magnitude of the leading space and the magnitude of the
present mark of input NRZI data to thus control the waveform of the write pulse,
and/or the falling edge of the last pulse is adaptively shifted in accordance with the
magnitude of the present mark and the magnitude of the trailing space of input NRZI
data to thus control the waveform of the write pulse, thereby minimizing jitter. Also,
the waveform of the write pulse may be optimized in accordance with land/groove
signals. Also, in the present invention, grouping may be performed differently for the

respective zones, using grouping pointers.



25. The adaptive witing nethod according to claim1l1, wherein sn@
controlling of the waveform i ncl udes generating the adaptive w {ﬁmé%m%y
shifting a falling edge of the first pulse in accordance with the magnitude
-of the |eading space and the magnitude of the present mark) and shifting
the rising edge of the last pulse in gccordance with the magnitude of the
present mark and the magnitude of the trailing space. " ,0 6 JAN 2003 16

"26. The adaptive iting method according to claiml, wherein sajd
cont r ol | i ngAdew pdaptive Msitingimethedaccoediag 49 the) presentdayantian ¢an be pul se by
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the ri giritiiggAdse.of the last pulse in accordance with the magnitude of the
present mark and the magnitude of the trailing space. 27. The adaptive
writing met Asddesstibediabpveoths widihg of thiedirel and/ar st putses|afiayritef pulse
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t he nagifiet todenivdndesystemirkligtslity pariepeddrmahite. aaleo! theevidth bf agvrite ipukse

according to claim1l, wherein said controlling of the waveform i ncl udes:

ar og_pi Iiﬁgcw(a;t;oﬂe@lfb)agwg theemagnitude of thecpresaat magnand hﬁe nwgniwdang ﬁf t he
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trailing spaces; and shifting a rising edge of the first pulse and/or a
rising edge of the last pul se based upon the conparisons of the group of
the magni tude of the present mark with the groups of the | eading and/or
trailing spaces, respectively. 29. The adaptive witing nethod according to
claim1l1, wherein said controlling of the waveform includes: grouping each
of a magnitude of the present mark and the magni tudes of the |eading and/ or
trailing spaces into groups; conparing the group of the magnitude of the
present mark with the ~ 6 JAN Zt'~ 17 groups of the |eading and/or
trailing spaces; and shifting a rising edge of the first pulse and/or a
rising edge of the last pul se based upon the conparisons of the group of

t he magni tude of the present mark with the groups of the |eading and/or
trailing spaces, respectively. 30. The adaptive witing nethod according to
claim1l1, wherein said controlling of the waveform includes: grouping each
of a magnitude of the present mark and the magni tudes of the |eading and/ or
trailing spaces into groups; conparing the group of the magnitude of the
present mark with the groups of the | eading and/or trailing spaces; and
shifting a falling edge of the first pulse and/or a falling edge of the

| ast pul se based upon the conparisons of the group of the magnitude of the
present mark with the groups of the |eading and/or trailing spaces,
respectively.



. 31. An adaptive witing method of witing input data on a optlcad Brgﬁﬂrzdd}g
nmedi-um using a wite pul se whose waveformincludes a first pul se| a

pul se and a multi-pul se train, conprising: generating an adaptive wite

" pul se by varying a falling edge of the first pulse in accordance with a
magni tude of a | eadi ng space and a nagnitude of a present mark, and varying
a falling edge of the second pulse in accordance with the magni tude of a
trailing space and the magni tude of the present mark; and witing said

i nput data on the optical recording nediumusing the adaptive wite pul se.
32. An adaptive wite pul se generating mgghod, the adaptive wite pul se

bei ng used t\what id €laimedis:data to an optical recordi ng nedi um conprising:
0 6 JAN 2003 inputting a wite and a nmulti-pulse train; 18 pul se including
a first pulse, a last pulse generating the adaptive wite pulse by varying
a falling edge ofpfh d gpht ude
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ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
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. varying a falling edge of the last pulse in accordance with the magnitude of
the present mark and the magnitude of the trailing space.

4. The adaptive writing method according to claim 1, wherein said
controlling of the waveform includes generating the adaptive write pulse by
varying a rising edge of the first pulse in accordance with the magnitude of
the leading space and the magnitude of the present mark, and varying a
falling edge of the last pulse in accordance with the magnitude of the

present, mark and the magnitude of the trailing space.
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5. The adaptive writing method according to claim 1, wherein said

controlling of the waveform includes generating the adaptive write pulse by
shifting a rising edge of the first pulse in accordance with the magnitude of
the leading space and the magnitude of the present mark, and shifting the
falling edge of the last pulse in accordance with the magnitude of the present

mark and the magnitude of the trailing space.

6. The adaptive writing method according to claim 5, further comprising
applying a light power for a predetermined channel during a period
corresponding to the shift of the rising or falling edges of the first pulse and
during a period corresponding to the shift of the rising or falling edges of the

last pulse.

7. The adaptive writing method according to claim 6, wherein the light

power for the predetermined channel is read power or write power.

8.  The adaptive writing method according to claim 1, further comprising
correcting the waveform of the adaptive write pulse in accordance with a
land/groove signal indicating whether the input data is data of a land track or

data of a groove track.

9. An adaptive writing method comprising:

selecting one of grouping tables grouped by the magnitudes of marks
and spaces of input data, using grouping pointers;

calculating a width of a write pulse using data stored in the selected
grouping table; and

writing the input data using an adaptive write pulse generated in

response to the calculated width on an optical recording medium.
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grouping tables store width data of first and/or last pulses of the write pulse
waveform, by grouping a magnitude of a present mark of the input data and
maghnitudes of leading and/or trailing spaces of the present mark, into a short

pulse group, a middle pulse group or a long pulse group.

11. The adaptive writing method according to claim 9, wherein the
grouping tables store width data of the first and/or last pulses of the write
pulse waveform, by grouping a magnitude of a present mark of the input
data and magnitudes of the leading and/or trailing spaces of the present
mark, into a short pulse group, a middle pulse group or a long pulse group,
depending on whether the input data is in a land track or a groove track.

12. The adaptive writing method according to claim 9, wherein the
grouping tables store width data of the first and/or last pulses of the write
pulse waveform, by grouping a magnitude of a present mark of the input
data and magnitudes of the leading and/or trailing spaces of the present
mark, into a short pulse group, a middle pulse group or a long pulse group,

for respective zones on the optical recording medium.

13. The adaptive writing method according to claim 9, wherein said
calculating of the width of the write pulse further includes:
reading a shift value of a rising edge of a first pulse of the write pulse
in accordance with a combination of a magnitude of a leading space and a
magnitude of the present mark to calculate width data of the first pulse; and
reading a shift value of a falling edge of a last pulse of the write pulse
in accordance with a combination of the magnitude of the present mark and

a magnitude of a trailing space to calculate width data of the last pulse.
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| $* 109BuSu& {4 - 1AH ddbbtive writing method of writing input data on an optical

recording medium using a write pulse whose waveform comprises a first
pulse, a last pulse and a multi-pulse train, to optimize a light power of a light
source, the adaptive writing method comprising:

discriminating between magnitudes of a present mark of the input
data and leading and/or trailing spaces of the present mark;

generating pulse width data for varying widths of the first and/or last
pulses of the write pulse waveform in accordance with the magnitude of the
present mark and the magnitudes of the leading and/or trailing spaces; and

. generating an adaptive write pulse in accordance with the pulse width

data, and converting the adaptive write pulse into a current signal in
accordance with driving power levels for respective channels for the adaptive

write pulse to drive the light source.

156. The adaptive writing method according to claim 14, wherein said
generating of the pulse width data further includes:
generating first pulse width data for shifting a rising or falling edges of
the first pulse in accordance with the magnitude of the leading space and the
magnitude of the present mark; and
generating last pulse width data for shifting a rising or falling edges of
. the last pulse in accordance with the magnitude of the present mark and the

magnitude of the trailing space.

16.  The adaptive writing method according to claim 15, further comprising
applying the light power for a predetermined one of the channels during a
period corresponding to the shift of the rising or falling edges of the first
pulse and during a period corresponding to the shift of the rising or falling

edges of the last pulse.
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18. The adaptive writing method according to claim 14, further
comprising:

correcting a waveform of the adaptive write pulse in accordance with
a land/groove signal indicating whether the input data is data of a land track
or data of a groove track, wherein the input data is NRZI (Non-Return Zero

. Inversion) data.

19. The adaptive writing method according to claim 1, wherein said
controlling of the waveform includes:

grouping each of a magnitude of the present mark and the
magnitudes of the leading and/or trailing spaces into groups;

comparing the group of the magnitude of the present mark with the
groups of the leading and/or trailing spaces; and

shifting a rising edge of the first pulse and/or a failing edge of the last
pulse based upon the comparisons of the group of the magnitude of the
present mark with the groups of the leading and/or trailing spaces,

respectively.

20. The adaptive writing method according to claim 1, wherein said
controlling of the waveform includes generating the adaptive write pulse by
varying a falling edge of the first pulse in accordance with the magnitude of

the leading space and the magnitude of the present mark.

21. The adaptive writing method according to claim 1, wherein said
controlling of the waveform includes generating the adaptive write pulse by
varying a rising edge of the last pulse in accordance with the magnitude of

the present mark and the magnitude of the trailing space.
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22. The adaptive writing method according to claim 1, wherein said
controlling of the waveform includes generating the adaptive write pulse by
varying a failing edge of the first pulse in accordance with the magnitude of
the leading space and the magnitude of the present mark, and varying a
rising edge of the last pulse in accordance with the magnitude of the present

mark and the magnitude of the trailing space.

. 23. The adaptive writing method according to claim 1, wherein said
controlling of the waveform includes generating the adaptive write pulse by
varying a rising edge of the first pulse in accordance with the magnitude of
the leading space and the magnitude of the present mark, and varying a
rising edge of the last pulse in accordance with the magnitude of the present

mark and the magnitude of the trailing space.

24. The adaptive writing method according to claim 1, wherein said
controlling of the waveform includes generating the adaptive write pulse by
varying a falling edge of the first pulse in accordance with the magnitude of
the leading space and the magnitude of the present mark, and varying a
falling edge of the last pulse in accordance with the magnitude of the present

mark and the magnitude of the trailing space.

25. The adaptive writing method according to claim 1, wherein said
controlling of the waveform includes generating the adaptive write pulse by
shifting a falling edge of the first pulse in accordance with the magnitude of
the leading space and the magnitude of the present mark, and shifting the
rising edge of the last pulse in accordance with the magnitude of the present

mark and the magnitude of the trailing space.
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26. The adaptive writing method according to claim 1, wherein said

controlling of the waveform includes generating the adaptive write pulse by

shifting a rising edge of the first pulse in accordance with the magnitude of

the leading space and the magnitude of the present mark, and shifting the

rising edge of the last pulse in accordance with the magnitude of the present

mark and the magnitude of the trailing space. -

27. The adaptive writing method according to claim 1, wherein said
controlling of the waveform includes generating the adaptive write pulse by
. shifting a falling edge of the first puise in accordance with the magnitude of
the leading space and the magnitude of the present mark, and shifting the
falling edge of the last pulse in accordance with the magnitude of the present

mark and the magnitude of the trailing space.

28. The adaptive writing method according to claim 1, wherein said

controlling of the waveform includes:
grouping each of a magnitude of the present mark and the

magnitudes of the leading and/or trailing spaces into groups;
comparing the group of the magnitude of the present mark with the

groups of the leading and/or trailing spaces; and
. shifting a rising edge of the first pulse and/or a rising edge of the last

pulse based upon the comparisons of the group of the magnitude of the
present mark with the groups of the leading and/or trailing spaces,

respectively.

29. The adaptive writing method according to claim 1, wherein said
controlling of the waveform includes:

grouping each of a magnitude of the present mark and the
magnitudes of the leading and/or trailing spaces into groups;

comparing the group of the magnitude of the present mark with the
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respectively.

30. The adaptive writing method according to claim 1, wherein said
controlling of the waveform includes:
. grouping each of a magnitude of the present mark and the

magnitudes of the leading and/or trailing spaces into groups;

comparing the group of the magnitude of the present mark with the
groups of the leading and/or trailing spaces; and

shifting a falling edge of the first puise and/or a falling edge of the last
pulse based upon the comparisons of the group of the magnitude of the
present mark with the groups of the leading and/or trailing spaces,

respectively.

31.  An adaptive writing method of writing input data on a optical recording
medium using a write pulse whose waveform includes a first puise, a last
pulse and a multi-pulse train, comprising:
. generating an adaptive write pulse by varying a falling edge of the first
pulse in accordance with a magnitude of a leading space and a magnitude of
a present mark, and varying a falling edge of the second pulse in
accordance with the magnitude of a trailing space and the magnitude of the
present mark; and
writing said input data on the optical recording medium using the

adaptive write pulse.

32.  An adaptive write pulse generating method, the adaptive write pulse

being used to write input data to an optical recording medium, comprising:
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