., YZe3e' ]I 6@>Ba , 1 ADAPTIVE WRI TING Cl RCU T FOR RECORDI NG APPARATUS
BACK@ROUND OF THE I NVENTION 1. Field of the Invention mm mmm
invention relates to an adaptive witing circuit for an mmmwm’ordl ng

apparatus, and, nore particularly, to an adaptive witing Gughggd t for

optim zing |light power of a |ight sourge, e.g., a |laser diode, to be
suitable to characteristics of a recording apparatus. 2. Description of the
Rel ated Art Wth the nmufti-nmedia era requiring high-capacity recording

medi a, optical recording s VERVAY ' acity recordi ng nedia,
such as a magnetic opti cal x?lg:rﬁdrl veﬁﬁﬁﬂtﬁcﬁbgﬁgi gital versatile disc
random access nenory ( DVDRAOR RECGRDINGCAPPARATUS| y used. As the

recordi ng density increases, such optical recording systens r ' e
and high-precision states. In general, with an increase in remmm"ummmmmmlma
density, tenporal fluctuation (to be referred to as fitter, hereipgfd.er) in
a data domain increases. Thus, in order to attain high-density recording,
it is very inportant to BACKGROUND OFITHE INUBNTEONI onal |y, a wite pul se
is formed as specified in the DVD-RAM format book shown in FIG 1 B, with
respect to input NRZI (Non-Return to Zero Inversion) data having marks of
3T, ST, and % M&T Q}eimgnthe channel clock duration), as shown in FIG 1
A Her}s‘, t hée'® 8};1 216" di vi ded into mark and space. The spaces are in an
erase power ThepedsehtOinventesn/Fdlates do aﬁ%apﬁV@fv@ftm%OJiroﬁitV\fdrtﬁi opticet reedrdimy ks
equal to or longer than 3T mark, that is, 3T, 4T .... 11T and 14T is_
conpri sed ofppardtis, sndpimose parioulasly, to anpadaptiye weisingreircuitnfor taptisuizing tight n.

Here, only églv%‘ernof 3 li?grht (s)c];urgelf Ie.sge.",sa llagert(ﬁ'oede:r,n&)I Bd s%"i'tlagl% tb LR Actelstics of a recording

apparatus.

2. Description of the Related Art
With the multi-media era requiring high-capacity recording media, optical recording
systems employing high-capacity recording media, such as a magnetic optical disc drive
(MODD) or a digital versatile disc random access memory (DVDRAM) drive, have

been widely used.

As the recording 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. 1 B, with respect to input NRZI (Non-Return to Zero Inversion) data
having marks of 3T, 5T and 1 1T (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



., varied, dependi ng on the magnitude of a mark. In other words, the waveform
of the wite pulse is conprised of a conbination of read power (FIG 1 O,
peak power or wite power (FIG 1 D) and bias power or erase power (FIG 1
E). Here, the respective power signals shown in FIGS. 1 C, 1 Dand 1 E are
all lowactive signals. The waveformaof the wite pulse is the sane as that
in accordance with the first generation 2.6 GB DVD RAM standard. |n other
werds, in accordance with the 2.6 GB DVD- RAM standard, the waveform of the
wite pul sey, LRE of : hialRdd § 142 : t
Ul so. Al ¢ HALSERTRRLREAIE ufin G, QY iR L] puled B PRI AR udinl 5,

t he | ast pulasied depending eattie magnitadd efedmark. ar ea t o be used, adaptive witing
is not possible since the wite pulse is fixed to be constant. Therefore,
when a wite operation is performed by form ng such a wite pulse as shown
in FIG 1 r } f : O, : - i
respect 1o 1 Y Fiad, 166 WRlutolth Sl GRECpUIRY i thlncaR S AWK OAIGH dHdedg,
a mark is Ipon@r @FIG. d Yppek powes o virite hower F1Ge 1 DY and ibids@owes offefdse Sowasre .
This is a npjor cause of | owered system performance, Al so, this does not
make it poiEiCEn keB).oHertdhe fespestive domeer sigppisshows iniFdE8ehsi 15 apdD Rasmsall
e.g., secoqgwgd%ﬁ%gghaqg 4.7 GB DVD- RAMS. SUMVARY OF THE | NVENTI ON The
present inventlon erefore provides an adaptive witing circuit for
witing input data on an optical recording mediumusing a wite pulse for

| i ght source and whose wavefagorm conprises of a first pulse, a |ast pulse
and a nuf t iThsuwaefermyjaf, the nwrited pplse i the isamp gpscihat in aceasdgnceswith the first

di scri m nat i h A Eleﬁgd TR Ufle [k q0f t {Aput
data and ﬁgﬁ?r%ucgg%'%gﬁbﬁ?gﬁl eadl ng an%l/ glrm'ﬁrra‘%@ﬁ’ghgggdgé%ﬁ%fﬁ%}#ehepﬁggeﬁlnt
mark; a gerpVBLRAM standiid) e wheforyef tienvife pule isrdohrised of ai firsaparedance
wth 3 the magnitude of the present mark of the input data and the

magni t udes Meltitse) saiangd ainst orlser Although dhe slsing: eleg i dha disstapulari optthe e
wite pul sg;u. [ I | Wi | ght I verting.the
i Do SRS B B B S Rl e SNSRI RRAEEE GRS
| evel s for ig sstpoedibléaimsanearite pulse isfixedt@be totstant.i t € pul se. The invention
al so provides an adaptive witing circuit for witing input data to an
optical recording nmediumusing a wite pulse for a light source and whose
wavef or m i HglLUGGs @p&i E%tgﬂhéfati?ﬁis!fe?fogﬁ% Eg £5kAfn s&‘ﬁf;{ writi e A4 Hdwn
conprising a genetrator to geherate an adaptive wite pul se varyirng a
falling edgeFIG. I Beseveresthenmadl deterferenceanayiestae badkt anddoria guithtraspecoto amlagledi ng

sbcond pl SeAseNREGMAREO A Saie TRF UGS GYRen 4 Pah i Jepgpdceshans it he.
magni t ude : I V@ ts j }
9 Qhot e \Hée;gﬁgﬁ, JREKis x‘ﬁggl &vgxrei: \ ?Bﬁsllg’éj{‘xﬁ)’cﬁ dall&e bf Weé&t’é;ygﬁm

according to the a ve wite pulse. Fina e present 1 nven
provi des apecfompnce.e Alsa, this plobs potgealer ik possiple forcthe systérthdo hel appliadetovliighe

pul se bei ng use r iting inpuf data to .cal cordi ng nedi um
conpri si ng%ﬁnWﬂ?{éBp%M’iergiﬁeﬁg?fggWﬁ“opﬁpﬂ&?&ﬁgbéﬁmsﬁe pul se, the wite
pul se including a first pulse, a last pulse and a nmufti-pulse train; a
generator generating the adaptive wite pulse by varying a falling edge of
the first pulse in accor (BIMARK QF FRININVENTIEONa | eadi ng space and a
magni t ude of a present mark, and varying a falling edge of the second pul se
in accordance with a magnitude of a trailing space and the magni tude of the
present marfge n@ﬁweﬂﬁmmer&eresgﬂgbﬁe@ afAUidaptived aﬁﬁag RECRE §0r FRRL hpuiv i te
pul se. BRI EF DESCRI PTI ON OF THE W NGS The above objectives and

advant ages defa ¢rhen pptisa econdirgninedimmaizsihg laewdteepulse foralighd rsentcelanddwhaesd bi ng
in detail a preferred enbogi nt therelof wi.th reference.to the attached
drawi ngs. | WAYRHOGH: COBTRESSS Of A iR Blgh crlag BHISE o & PUHHRUISS Jraifeiht daptive

convent i ongdriol difeuUdoifitising a discriminator to discriminate a magnitude of the present

&

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

present mark; a generator to control the waveform of the write pulse in accordance with



.4 FIG ,2 is a block diagramof an adaptive witing circuit for a

hi gh-density optical recordi ng apparatus according to an enbodi nent of the
present invention; FIGS. 3A through 3G are waveform di agrans of an adaptive
wite pulse recorded by the adaptive witing circuit showmm in FIG 2; FIG
4 illustrates grouping of input data; #/IG 5 is a table illustrating the
conbi nati on of pul ses generated by the grouping showmn in FIG 4; FIG 6 is
a.table illustrating rising edge shift values of a first pulse according to
t he presentg.] i on: i st roat i 0.0 Lt
val ues of ath% gis/a‘?ﬂ%{ﬁ(%g%f tg]é ?Bers Illﬂnlg 06%(%%&‘?‘1&5&3?1&[ @nﬂ\yggﬁggmﬂ%l %fﬁlgqle%ng&
flowchart aindAl tRdlaR ipacesitol denBaiteTRA Adshtive ot pilsel andia divep dom@ivingfthéhe
present invention;, and FIG, 9 is a graph for_ conparing fitter generated by
t he adapt i ighhwourre §y wenyesting thet adappve satie pulse dnfeiaoenregnt sighal worseerdansaal

b cf orred. CHELATHBRPOBF istels By sttt otpEe rm RERa Y Bl ikEE, T, ©

optical recording apparatus and a circuit thereof will be described with
reference to the acconpanying draw ngs. An adaptive witing circuit
accordi ng tlhet invepiansalse W@ngm arp adapityesweting icirewt dpr writingcinputedata igaam
di scri m nat gr. %}02 gk. wite Wavef orm cont roI{?er 11(%1411, a_m cr(%@(})rrggt er f106, a
write pul s@PYSHIFEYEIRErBETumusIng YAk Puk 1922 Heht souter age MosioY RO
data di scrijpdlidésod it pulldes @l lnsti pldsccand ARHEINRMe B@hacompPasing ial endfuMsf 86 M
controller 104 corrects the waveformof a wite pulse ih accordance wth

t he di scri rgeneraieonn rasleptive oNrite rpulstatbsl wrsingi ai fallingr edge?2 ofirthe | finsti/pylssoine
signal. The m éroco uter 106, i r}J tial.izes the,wi te.vv‘?vgﬁtorm crgntrgl I ey 104
or cont r ol S°¢HEAEE IS BlagltYds qhiRdeniing SPags 2ad 8REREHIS F 4 BreSq Anar- B
updat ed i nvagaRYE &l 8ERy ¥idelofilid deRofdpilsé irPitRordiiie With HR MidiRde of aGRMIEIAL OF
108 generates an adaptive wite pulse in accordance with the output of the
write wavefspaos ashtheonpgnitudeof thie eresent mark; candva drivarotoc drives thes lightesaadespt | ve

wite pul se ‘goeaerﬁtgjde frotrinthe ewritee pul se generator 108 into a current
signal in E (s st 1 vﬁdﬂ% Yeh‘gnT |pg'1'11|‘°t "power |evels of the respective channels
to drive a |ight 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
dat a di scriFinally ghe nesengiivvention paeddes #e adeniive twidle BHseagangratingrircadtp #hali ng

h LWL | €. f : h
L e S P et el SRR B P RS PR il e
present mackmptiging@ welegulsednpatiag usit irgattingos FHECHuls) eewriRf e inshdidge

magni t ude of the rear-part space corresponding to the |ast pulse of the
present maekfirst pulse 2 last pplsel and agmulii-pylse tiaiy asgenerator generating the edaptivaat a,

magni tude ot RaE PR RfEs Blite ek 87 el Lo AR E s

a leading space and a magnitude of a present mark, and varying a falling edge of the

second pulse in accordance with a magnitude of a trailing space and the magnitude of

the present mark; and an outputting unit to output the generated adaptive write pulse.

BRIEF DESCRIPTION OF THE DRAWINGS

The above objectives and advantages of the present invention will become more
apparent by describing in detail a preferred embodiment thereof with reference to the

attached drawings in which:

FIGS. 1A through 1 E are waveform diagrams of conventional write pulses;



, Here, the magnitudes of the leading and trailing spaces and the nagnitude
of the present mark may range from 3T to 14T. There can be nore than 1, 000
possi bl e conbi nati ons. Thus, circuits or nenories for obtaining the anmounts
of shift in rising edges of the first pulses and falling edges of the |ast
pul ses are necessary with respect to g | 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 int oy t v anSadl Wele 1 :
group and tllﬁli(e}agzrS %u%ebé&rgagﬁgﬁggg agf aﬁgq%%@(gﬁrﬁs aﬁ%{lﬁ?@ngq?%}gd#% ﬁgﬂ“gaﬁd
trailing spaardingfapparams accbidingto heembudiimentiofthe presentdtivebiénshi fts the
rising edge of the first pulse back and forth in accordance with the

magni t udes IBES; B thongh 3G ate warelorm diagzarpy ekanadaptiygwrite pise regorded hytthe
data discri_m . . O Lt falling edge of the |ast pul se back
and forth iaﬁ%é}g%ﬁ&%é%%m%ﬁt%g%éﬁ%(g'ﬁ%’t udes of the present mark and the

trailing sgace4 illwtrates grou ﬁ]gfdﬂiﬂplﬁ dafd;t e wavef orm having an optimal [|ight
power. Here, the nmulti-pulse train of a mark takes the same shape as shown

in FIG 3BFIGhads & tabloilipstrating the combinatipn pEpulasscsgenpigiaddnt the igreuping shevam
correct the %!)(?I‘Pg edge of the first pulse of the present mark and the
falling edé’% "The last pulse of the present mark into different values in
accor dance FIGt B i @bRailluytraing! fisiHg leagel SRIROMIEsSO0N First dullANIYCORERY ) the

i ndi cating whether the input NRZI data is in a |land track or a groove
track. Thi presenfigrertionii ng a wite waveformin consideration of different

optimal i awer ependi . t he, | a regvwe. A.differenc 1-2
i the §501 b & aoReRERRRE Blikiiee iR PRRaRRS it i e aBR o S e
speci fi cal lpyesepitinvéntibanaged by the specifications. Therefore, the wite
wavef orm controller 104 nay be constituted by a menory in which data

cor r espondiFig- 8 és aflowichart phan adaptive neitingsmeiod aepording than pmbediment of thexd a
shift val ue eosf ttiplge ft%l [ ] ng edge of the last pulse in accordance with the
magni t ude SFFhe pr'}asgh mark of input NRZI data and the magnitudes of the
| eadi ng an&IGr Qiis hpgaphPfee @BmphReheifter gehetdtad Bﬁltheodda@tiir@%i@ingirﬁémba of lthe t he
case that the wite waveformcontroller 104 is constituted by a nmenory, the
wi dt hs of DrRsentipuention|asd therenvertiqnak wriging sethade det er ni ned as channel
clocks (T) plus and m nus a data value (shift value) stored in the nenory.
Also, in this nenory, shift values of the first and | ast pul ses of the mark
for each of a | andDBSGRIPTION OF THE PREFERRED EMBOBIMENTS whi ch the shift
value of the rising edge of the first pulse is stored and a table in which
the shift value of the falling edge of the last pulse is stored may be

i ncor por at . r | . L . 1abl es
may b pr e praiidy Bkoied emBoainhaLar R e i mindd¥ir 3003 Hefiily”
contr ol | er opfical eécording rapparatuband lai difcuit aheresf will bdidestiibet withadéfeterkcasé the

pul ses) to be updated in accordance with recording conditions. In

parti cul ar 2cGOMPRYBEIER¥EEH t h zones, the |ight power can vary or the shift
values of the first and | ast pul ses can be reset. The pul se width data
for controlling the waveformof the wite pulse is provided to the wite
pul se genelat adapli®8. writiveg wircuit apuordiag genthe giresent] i entiors raat showaninBHpt 2y e
wite pulse, ;as shown in FIG 3 in accqQrdapce with th ul se width data
for contr omql‘ﬁ%s P OETETA | Che WPl aﬁﬁﬁ%‘@ %oassll?reﬁo“r? POTHEALTR il
vavef orm cops! QAL philé RRErafHARI £ £OBLER! arNepTAG BHBUR: Wbl e difa 3D
and 3E, for controll'i ng e current flow tor the respective channels (i1.e.,
read, peakdsorminacr tO2adisedimjnatesrinpliteNRZA dhtay eTher write waveferm tcontrbléercilddr ent

driver 1 10. The current driver 1 10 converts the driving.level of the

i ght poweFomgcts He we‘éeg%m Pl @ Vs Rvdsesin aecerdangeawith thediscrimipagpn ge el s)
into curre : ' ] ' :

cont ol 11 i $h diorBRhag 103 B FAUEORAIELRD. The R LRORPLRS, 1P IRl
current totHd ewitd hvavefphmtdoatrbAerel 04 oo dentsals tilatatarstappiwplie atrize aaveformof
heat is applied to the recording nedium by conti nuous K ONOFF operati gons of
the | aser @PwERlles 104 tonheyedated dpaceprdanmeswih wiilgheonditians, Bhe eage Pulksnai n
as showmn in FIG 3G is forned on the recording nedium FIG 3A shows i nput
NRZI data, which is divided into nmark and space. FIG 3B shows a basic
wite waveform in which the rising edge of the first pulse of the wite
pul se | 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,

FI G 3D shows the waveform of a peak power of the adaptive wite pul se, and
FI G 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 the

Y o - Y

oy



, 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 nmay 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. Also, rather than shjfting the rising edge of the first
pul se and the falling edge of the | ast pul se, the edge of any one pul se may
be shifted. Also, in view of the direction of shift, shifting nay be

perfor med o) ward..Qr | S ¢ ates
gr oupi ng o%ﬁﬁgﬁ?qﬁfgﬁ&%ﬁ% sﬁ%ﬁh\gg%\/\% p@%%l%ggg Sgghtgit%Pﬂfﬂr#tt e Tirst
exanmpl e, i fwritelwavefpralgintgllgol04t ePhei chrréniedrivea 1 hd odnvgris d adgptive wirike pukse12,
then the mark of a short pulse group is 3T, the marks of a m ddl e pul se
group are facaerated from the writgrpulsergeneratar 188 into poygent mensl By aeprdance with thg t he
second exa [ ' [ | 8. L.gh groupi ng pointer
is 11, the%ﬁgoﬁrlggélgﬁgggﬁkg%ﬁg%@ eggr%)u%w;érag@ﬁ‘g%l%&4t the marks of a
m ddl e pul se group are from ST to | Ol and the nmarks of a | ong pul se group
are 11 T and 14T. As descri bed above, since both the |ow grouping pointer
and the hi g¥exgribe pergtionpfihe apparatus shown in FIG.23wilk be deserbsd with sefsance do

Al so, groum erfornmed differently for the respective zones. FIG
5 iIIustra&gQgt%g{}ﬂuﬁ%g‘r of cases dependi ng on conbi nati ons of | eadi ng and
trailing spaces and present marks, in the case of classifying input NRZI
data into three groups, as shown in FIG 4, using grouping pointers. FIG 6
i 11 ustrat ednaFiGbRe taeoditadistiminates| L@ discriminpigy thegmegaifudenoff ar markul se

d di t i tyde of the. ' itude .af .th
or bsent " maRreoaiig Yo hcordient Vit A o BERTLALE of D AL B (hLC
edges of t haghatalle O£ths Erotepad ehate c@ﬂesfgbgdﬁigg@'tﬂdﬁi@t Milsd dfahe prsetimamk! (ko and

the magni tude of the traililng space. | is a flowchart illustrating an
enbodi ment befrefgrred dops pJeadipg spage, haseinateryand the magnitde of Wherrerpart sprest, a

wite node j ' ' Ll

det er m ned c\?\ﬂgﬁég&%gilﬁéég%t p%ep%f?t%%e}slg}ﬁiﬂr{%k:@dﬂg %?edﬁgttg ?é g edf)at”gli%ﬁga.cg?f it
i's determ fRn inpub NRZIdatkDdnd ayilies e magritidedothe Seadihgadhdnidilngy sackLadde,
a grouping pointer is set (step S103). Then, a grouping table depending on
the set gr dfpmAgnipisieof the presentmagk em?)wawnsmcmlgéﬂ%t ed groupi ng
table may be a table reflecting | and/ groove as well as the grouping
pointer. Also, the selected grouping table nay be a table reflecting zones
of the recdfedé, e Maghitides Shitetleadihg gl wdilihg epaces ampthe tggnithdd dfthkipresenpul se
are read fromthe table shown in FIG 7 in accordance with a combination of
the presentmaskmaygaees femi3Thio 147y These ean be migresthan dy000-nessibig sombjratignst e
pul se in i she- f ] 1 r j

accor danc\é\ligrlv}\)llg3 ?’h&}t}ﬁlet; P%‘z‘gm?ﬁl"f t?o r\%émgsth gi‘%’%‘?‘g% gg“ﬂ?g? ggggl%o%.kse%{eh%,ﬁrfg %e

| i ght powempslsed andfallirgsegizes bff thedhstrpuddes afenectdsarygwitie rasped tadHphsese whidH e
pul se, i.e., rﬁad, peak and bi ss 21%awers, re controlled to, drive a | aser
di ode (st efomphientss the (Syatamyapg Jhasdwarsy | {Eheggfarea ipotheo Rresenti Bveptienpthe) og) |
If the wi i tj ' . ' I is
gener at ed {ieinases St Bobrh AR ditndiedibe ot b BIEEA Pl REBT B
by the adaptd greuped intag shext Ipolie ey, dimigldieopultregronpg aadit lomy pulse groupnahd he

conventiongl witi nethod. . It is understqQad that, assumni ng that the peak
light is 9?133 grwpq‘ﬂga%tuﬂm Fesgpt Iaar%lwﬁﬁﬁ}ﬁ%fﬁns ﬁ%‘f Halipgg gpafe-ﬁw: yseid
cooling power is 1.2 nWand the bias power is 5.2 mN there is less fitter
generated when witing the adaptive wite pul se according to the present

i nvent i on flhamwrith savegienearcahtalleniOdishiftsttherising edgewf the fipat lpskse hecdoardi fogtht o

t he conventional ,witing nmethod. The initialization conditions are a, speed
of 4.2 m st &popdance Wi\ibe mARniides, i JeadingsPags o @’ﬁé’i‘%?ﬁ%ﬁ‘?ér.k’ sHPRlieor
wor ds, acceri b [ iy 1 &% [ FINAC] i rks
o & ur oo 18 dofy dGoRhEGE R, I KM Bk ST s pHRE ShISHd Rr i, o
i n accor daht ecovirddnct vdthmthgnnagrimded of He presedi mprk pad echeatrailing aspameg 0o thide of
the present mark of input NRZI data to thus control the waveform of the
wite pulse, and/or the falling edge of the | ast 10




. pulse is adaptively shifted in accordance with the magnitude of the present
mar k and the magnitude of the trailing space of input NRZI data to thus
control the waveformof the wite pulse, thereby mnimzing fitter. Al so,
the waveform of the wite pulse nay be optim zed in accordance with

| and/ groove signals. Also, in the presgnt invention, grouping nay be
performed differently for the respective zones, using grouping pointers. A
new adaptive witing method according to the present invention can be
adopted to t, Bghs i I . i p 1S

adapti ve Wﬁ?flnag%%:\gg@?%sn{ gae\g‘gé ?ﬁghtlg’%geg?l I5t'bﬁvee:il'\N?%tli ﬁtsth%@tltﬁ Ehﬁg rtiga{t?n grt; & or
| ast pul sesmark takesrthé sanpeistmpe usshomar i EFIGe 3Bathaed, 0.6 Taccor dance with the
magni tude of the present mark of input NRZI data and the nagnitude of the
| eading or trailing space, thereby mnimzing fitter to enhance system

by or oupi ng ERet e MIRERE ShBtier, 08 i Cofe 8 ' AeB i ik 8 ALY ' ¢

| eadi ng or thé pidsertonaRame she falliigedtige o dbe labOpulieofthe prezéntanfkridupdigferent 1 1
Cainms: 1. An adaptive witing circuit for witing input data on an opti cal
recor di ng rdnesninuascaglance witheexsernaldy pppliad kpned/gzenyecugnal (WANDUGROOVEIN
conprises of ;a f£ir \: e | - rai -t he
adaptive wlpgﬁc%tédgc}%'b%tﬁlbj'lt t%c i n‘%] rt i;mﬁllg&g% %’llg éaapﬁprlgﬁ%%* ?%yé(?%gééafﬁl a Selsafor
nmagni t ude abrhihg PWHEEWAvETBIK irdorisiiRratidR W diffiéreneeislinid dight peieers epbhding

| eadi ng and/or trajling spaces of the present mark; a glener ator to control

t he wavef oron e lengbang groeveuisdifferenge 061 fam¥ initheoptiraalhight ipowiges bétwern

present mar f the in d t he.. i tude f eadi.ng_and/ or
railing o Bodad e @bbed Bl B sBEAREAN, Sk ifable-d R e "N DR A0,
driving the light source by converting the adaptive wite pulse into a
current si gpal i n accordance with drivi EOg4 power |evels for respective

channel s f ofherefereathepviiigavayefara gantroler Y04 mpy be gepstituted by pmiemaoryiingvhich

according tg,cl ai . r el tor jncl S i vefor

controller ‘@Ba %Ogﬁegb é]}déx\%ﬁ %kehq\gtw‘%ﬁhego?a}?é%%g‘gvegtgg ng’%aﬁr\?\} ’\éﬁllﬁé %fd,\?ﬁglfg }’3915?
pul se i n agfahéFlifg \Wdgd of ik IBYPLlkel iie acdorddire | veittd tHegmageiarie a0T0the Nresent
magni tude of the present mark and to vary a width of the |ast pulse in
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A microcomputer 106 initializes the write waveform controller 104 or controls the shift

values of the first and/or fast pulse(s) to be updated in accordance with recording
conditions. In particular, in accordance with zones, the light power can vary or the shift

values of the first and last pulses can be reset.
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The current driver 1 10 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 read power or a write power) is applied during the
period corresponding to the shift. Likewise, the falling edge of the last pulse of the
adaptive write pulse may be shifted back and forth in accordance with a combination of

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

first pulse and during the period

@daptive ypitee

ng

h

in
t he



. 13 12. The adaptive witing circuit according to claim1, wherein the
generator generates pulse width data by varying a falling edge of the | ast
pul se in accordance with the nagnitude of the trailing space and the
magni t ude of the present mark. 13. An adaptive witing circuit for witing
input data to an optical recording nmediumusing a wite pulse for a |ight
source and whose waveformincludes a first pulse, a last pulse and a
mufti-pul se train, conprising a generator to generate an adaptive wite

fti-pulse b ! rat o " |
agni tude. ariaR fod U] £RA8 Slwerf kil AP BAREUURE Bkl g

a falling edgespphdingao siecshif. pul se in accordance with the magnitude of a
trailing space and the nmagni tude of the present mark; and a driver to drive

the light source according to the adaptive wite pulse. 14. An adaptive

wite pul se generat.i ihcuit, t ad ive wite pul.se. bein sgd..f or
witing i npbt}?enaai{vgfyt, gﬂ%?a%%‘gi%d&fe ‘?t:g}?r g&]@“ﬁ&fflﬁn ec%ﬂ%ﬂ &aﬁlb%gﬂqurgb nbul se
i nputting WoédrdantRUvith tHe rmagMitutie of theSEresdn thafk | fe@arBlleks 6f theGhaldiifide dffthé St
pul se, a last pulse and a nufti-pulse train; a generator generating the
adapt i ve wtiailingoipaseobthe\paesgnigark. f Alspi raghes dapn sgmﬁmg dhe rising edge ob thenfirst
accordance wth .t ude of l,eadi a and a magnitude of a.present
merk, and P4iang E alfing sdeccefBe gt i it lie of el iR Bilse dpaia Rt shiffect,
magni t ude Qfis@ ih VAW o theSEiaBon o shife sﬂm? kiag deQerfoRBed baskeaid fBHIK ondnd an
outputting unit to output the generated adaptive wite pulse. .A2

A Ay. Af . Aforwarg operty bagkwasd, AS. AS. A@ . AS27Stmo |

w6 X| wr ngb] X] ca] ca] ca] c*a] ca] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca]
cal ca]cal c:al]c: a] ca]c”a]ca]ca] ca]cal]ca eg{}

$! 7T #<& "' PG4 dstaRS %‘B&pﬁ?g]?@@}ﬁl WRD @atd] bisviaglwalekahpRl 68 kfdipid]. Cal cal ¢
a] ca] ca] ca] ca) ca] ca] ca] caJ ca] ca] ca] ca] ca] ca] ca] ca] ca] cajc”a]ca]calca!\ BBCDi
GHHIJ &K the first example, if a low grouping pointer is 3 and a high grouping pointer is 12, then

cal oa] cal R Ao e SIRHol i T e s A Rl RSP Bl R A SRR D o)
C*" MVLPI RTTW%%%MWHKX@Z;M%MG%MM ERleddceadd kamplealicalieal cal c

a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c”a] ca] ca] ca].cagca] cal ca] ca] ca] ca] ca7Smi K-

10%& () - CBIDHE pointepsgrkand a highigropping pointergsgl &; thpn Giavinarks &f @) shogomidse ) - no
o Ooalb 18Rk 00 2t Sl RS O 'Rl RS BERONT ST 10 10T and the

"10%& () -
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 NRZI 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
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determined whether it is an adaptive writing mode or not (step S102). If it is determined
in step S102 that the write mode is an adaptive write mode, a grouping pointer is set
(step S103). Then, a grouping table depending on the set grouping pointer is selected
(step S104). The selected grouping table may be a table reflecting land/groove as well as
the grouping pointer. Also, the selected grouping table may be a table reflecting zones

of the recording medium.

Shift values of the rising edge of the first pulse are read from the table shown in FIG. 7

in accordance with a combination of the present mark and the trailing space (step S106).

The adaptive write pulse in which the first pulse and the last pulse are controlled in
accordance with the read shift value is generated (step S107). Then, the light powers of
the respective channels for the generated adaptive write pulse, i.e., read, peak and bias
powers, are controlled to, drive a laser diode (step S108) to then perform a write
operation on a disc (step S109). If the write mode is not an adaptive write mode, a

general write pulse is generated in step S107.

FIG. 9 is a graph for comparing jitter generated by the adaptive writing method
according to the present invention and the conventional writing method. It is
understood that, assuming that the peak light is 9.5 mW, the bottom power of a multi-
pulse train is 1.2 mW, the cooling power is 1.2 mW and the bias power is 5.2 mW, there
is less jitter generated when writing the adaptive write pulse according to 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 1 00 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
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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.

A new adaptive writing method according to the present invention can be adopted to

most high-density optical recording apparatuses using an adaptive writing pulse.

As described above, the widths of the first and/or last pulses of a write pulse waveform
are varied in accordance with the magnitude of the present mark of input NRZI data and
the magnitude of the leading or trailing space, thereby minimizing jitter to enhance
system reliability and performance. Also, the width of a write pulse is controlled by
grouping the magnitude of the present mark and the magnitude of the leading or trailing

spaces, thereby reducing the size of a hardware.
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Claims:

An adaptive writing circuit for writing input data on an optical recording medium using
a write pulse for light source and whose waveform comprises of a first pulse, a last
pulse and a multi-pulse train, the adaptive writing circuit comprising a discriminator to
discriminate a magnitude of the present mark of the input data and magnitudes of the
leading and/or trailing spaces of the present mark; a generator to control the waveform
of the write pulse in accordance with the magnitude of the present mark of the input
data and the magnitudes of the leading and/or trailing spaces to generate an adaptive
write pulse; and a driver for driving the light source by converting the adaptive write
pulse into a current signal in accordance with driving power levels for respective

channels for the adaptive write pulse.

The adaptive writing circuit according to claim 1, wherein the generator includes a write
waveform controller to generate pulse width data to varying a width of the first pulse in
accordance with the magnitude of the leading space and the magnitude of the present
mark and to vary a width of the last pulse in accordance with the magnitude of the
present mark and the magnitude of the trailing space; and a write pulse generator to

generate an adaptive write pulse in accordance with the pulse width data.

The adaptive writing circuit according to claim 2, wherein the write waveform
controller comprises of a memory in which width data of the first and/or last pulses of a
write pulse waveform are stored, by grouping the magnitude of the present mark and the
magnitudes of the leading and/or trailing spaces, into a short pulse group, a middle pulse
group or a long pulse group.

The adaptive writing circuit according to claim 3, further comprising a microcomputer
for initializing the write waveform controller and control the pulse width data stored in

the memory to be updated in accordance with write conditions.
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of the first and/or last pulses of a write pulse waveform depending on whether the input

data is in a land track or a groove track.

6. The adaptive writing circuit according to claim 3, wherein the memory stores width data
of the first and/or last pulses of a write pulse waveform for the respective zones on a

recording medium.

7. The adaptive writing circuit according to claim 2, wherein the light power for a
predetermined one of channels of the adaptive write pulse is applied during a period
corresponding to a varied width of the first pulse and during the period corresponding to

a varied width of the last pulse.

8. The adaptive writing circuit according to claim 7, wherein the light power for the

predetermined channel is either read power or write power.

9. The adaptive writing circuit according to claim 1, wherein the generator generates pulse
width data 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.

10.  The adaptive writing circuit according to claim 1, wherein the generator generates pulse
width data 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.

11.  The adaptive writing circuit according to claim 1, wherein the generator generates pulse
width data by varying a rising edge of the last pulse in accordance with the magnitude of

the trailing space and the magnitude of the present mark.
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w1dth data by varying a fallmg edge of the last pulse in accordance with the magnitude

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

13.  An adaptive writing circuit for writing input data to an optical recording medium using
a write pulse for a light source and whose waveform includes a first pulse, a last pulse
and a multi-pulse train, comprising a generator to generate 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 a driver to drive the light source according to the adaptive write pulse.

14.  An adaptive write pulse generating circuit, the adaptive write pulse being used for
writing input data to an optical recording medium, comprising a write pulse inputting
unit inputting a write pulse, the write pulse including a first pulse, a last pulse and a
multi-pulse train; a generator generating the 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 a magnitude of a trailing space and the magnitude of the present mark;

and an outputting unit to output the generated adaptive write pulse.



