1 Decenber 2006 | NFORVATI ON RECORDI NG DEVI CE AND | NF Tl Cﬁl SRE]%?QDI NG
METHOD BACKGROUND OF THE | NVENTION Field of the I nventii&ieHAFs“d Rvent i on
relates to an information recordi ng device and an information recording
met hod for recording information on a wite-once type optical information
recordi ng nmedi um by neans of a | aser beam Related Background Art Optical

i nformati on recordi ng/ rmp@%@jﬂm@g%}m@i@i@i ncl udi ng opti cal

di sc recordi ng/ reproduction devices are adapted to converge a | aser beam
onto the recording |layer of a recordi mediumso as to wite information
to and read information fromthe re ing layer. If the wavel ength of the
| aser beamis X and the nunerical aperture of the objective lens is NA
the diameter (V) of thdNHOQRMATIONMRECEORDINGWMEIHOIhe recordi ng mediumi s
generally expressed by forrmula (1) below =XINA ... (1) Therefore, the
shorter the wavel ength of the | aser beam and the |larger the nunerical
aperture of the objective lens, the small the dianmeter of the spot of
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objective lens is 0.45 in the case of CD 1 1 Decenber 2006 (Conpact Disc
_(t r adenpigdd »f theduesgioand 0.6 to 0.65 in the case of DVD (Digital
This invenﬁon relates to an information recording device and an information
recording method for recording information on a write-once type optical information
fecording medium by means of a laser beam.
Related Background Art
~ Optical information recording/reproduction devices typically including optical
disc recording/reproduction devices are adapted to converge a laser beam onto the
recording layer of a recording medium so as to write information to and read information
~ from the recording layer. If the wavelength of the laser Beam is A and the numerical
aperture of the objective lens is NA, the diameter (®) of the spot of converged light on
the recording medium is generally expressed by formuia (1) below. |
- d=A/NA ' . (D)
T‘hérefore, the shorter the wavelength of the laser beam and the larger the
numerical aperture of the objective lens, the sma]l the diameter of the spot of converged

light on the recording medium so that information can be recorded optically at high

~density. The numerical aperture of the objective lens is 0.45 in the case of CD




Versatile Disc (tradenane)) players. The nunmerical aperture 8‘:’? t
objective lens of recently devel oped BD 031lu-ray Disc (1S58 8'?12960)6
recordi ng/ reproducti on devices that wuse a blue-violet sem conductor |aser
(wavel ength: 405 mm) is inproved to be as large as 0.85. Cenerally, two
different control nmethods are provided for the purpose of controlling the
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used dependi ng on the type‘0 he recelrving nmaterial. A laser beamis

i rradiated gontinyously tQ forma recordin rk wt ne ,of .t he control :
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Is mainly applied to wite-once type recordi ng nediuns fornmed by using an

or gani aec@itlyr devglopetl BDaBlu-riy Dist (ralenmmbPdecardng/mprabkation devicesthaht ed
for a single mark (a part of EFM signal where the signal is at H GH of an
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mark (pulse irradiation nethod) with the other control nethod for
control(8%g the power of irradiating a | aser beam This method is mainly
applied to rewitable type recording nediuns forned by using a phase

change recor db@@rdlBi awcaldifffrent esamdl encthadspute rowided i for i the aptirposed of or  a
plurality of times for a single mark (a part of EFM signal where the
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by using a phase change recording material, a systemof irradiajing,.a 2 1
Decenbeseleztively wetdsdepisoding on the -type iofsthegieceivingo materiad. | A gﬁ@e €4 Borm a
recording mark with a length of n x T as wite strategy, in other wrds, a
syst emdafiapidnorRinibsly 18ffofthZa t&ordikg ratkSwith one of the control methods for
controlling the power of imradiating a laser beam. This method is mainly applied to
write-once type recording mediums formed by using an organic coloring matertal,
With this method, a pulse beam is irradiated for a single mark (a part of EFM signal
where the signal is at HIGH) of an EFM (Eight-to-Fourteen Modulation) signal, as
shown in FIG. 15. A pulse beam is irradiated once or for a plurality of times to form a
| recording mark (pulse irradiation method) with the other control méthod for :controlling
the power of irradiating a laser beam. This method is mainly applied to rewritable type
recording mediums formed by using a phase change recording material. For example,
a pulse beam is irradiated for a plurality of times for a single mark (a part of EFM signal
where the signal is at HIGH) of an FEM signal as shown in FIG 16. |
In the case of a recording/reproduction device for CD-RWs that are recording

mediums formed by using a phase change recording material, a system of itradiating a




beam (pul se irradiation systen), is adopted. Note that EF

(Ei ght-to-Fourteen Mbdul ation) code is used as nndulat?g%m %%gr$§ﬁ CD- RV

and, in the above description, n represents an integer not smaller than 3

~and not greater than 11, while T represents the  cycle period of the clock

(channel clock) of the binary signal (EFM signal) to be recorded. As shown

in FIG ' Styr f onlZ] L3 LA S f a
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devices for CD-RW to sinplify the configuration of {he e generation
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strategy of controlling the power of emtting a |aser beam by way of three
| evel s ®dand (peleerittadinting dysteeyielis cloptedanNot@shatgan BN (Hight-todfslrteenool i ng
| evel (Pb) for wite operations so as to nmake it possible to record signals

by ove 1310 n I_ng | l1e. . 4
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recording rate (1 x 1) is as low as 4.32 MHz and that the time |ength

cor r espoheiiressntscan ingcgeh anhanaliar shan 3 wod eop greatsy than 11, whilp Tireprasssit the3o ns.
If a wite strategy of defining a wwidth of T/2 for the pul se beamto be

i rradi iperidd R A1 Slock (eR&eD bk WY the Binaly FM afgrialietdBese
beam tgé%ge. ???adi ated is _1C1t§ ns. The(%(,9 an exceaf}ren rg%ordi ng/ reproducti on
- performance, can be realized because this tine length is sufficiently |ong
for thereF?rgiieﬁg time (tr) and the falling time (tf) (both tr and if being 3
1 Decenber 2006 nornmally 2 to 3 ns) of the waveformof a |aser_ beam
enitted fromAs svie imBl(¢tl6; a vaite strategyved synchwinizing e tingg ebensissiosddr di ng
rate (24 tinmes) that is specified by the high speed recording '

speci 1 £3hlseheahPwitPhEhaAnd d8sk RESHofted ih Redbi8ingfteprd@fetiony 88¥ises for

CD-RWs to simplify the configuration of the pulse generation circuit for driving the
semiconductor laser. Additionally, a write strategy of controlling the power of emitting
a laser beam by way of three levels of a recording peak level (Pw), an erasing level (Pe)
and a cooling level (Pb) for write operations so as to make it possible to record signals by
ovemiriting by means of a single beam. |

Meanwhile, in recording/reproduction devices for CD-RWs, the channel clock
for the basic recording rate (1 x 1) is as low as 4.32 MHz and that the time length
corresponding to the channel clock cycle period of (1 x T) is about 230 ns.  If a write
strategy of defining a Widﬂl of T/2 fbr the pulse beam to be hradiated is adopted as
described above, the time length of the pulse beam to be irradiated is 115 ns.  Then, an
excellent recording/reproduction performance can be realized because this time length is

sufficiently long for the rising time (tr) and the falling time (tf) (both tr and tf being




the channel clock is as high as about 104 MHz and the ti;be Ieggtg}&
corresponding to the channel clock cycle period of (241 ef rgi8ut 10
ns. If a wite strategy of defining a wdth of T/2 for the pul se beamto
be irradiated is adopted as described above, the tine Iength of the pulse
beamto be irradiated is as short as about -5ns. Then, |t |s difficult to

drive t I t'?é?ﬁﬁ% tinme
Iengthrpj WBQ%E)ﬁ% pro %%of%%éggrdﬁl‘ﬂéﬁé t he spee C?Jgg%sréﬁl ng
specifications for t define hi gh spe cordin te of 24
times as hig %e\f%emmﬁ%%sp@ FeRORGInEAeE && ?*Sté?’hléﬁpﬁ’cr‘ﬁﬁijs&ﬁl%g a
single pulse to forma recording mark. vmthalength of (2x 1), or

| rradi dighgpeedretadingesatificZtidrisnfes O -RWis and ha@bédnnms td asd by recentryears; di ng
mark with a length of n Xx T (2T pul se recording system is adopted as
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2002-237051. FI G 17A to FIG 17D il l ustrates the 2T pul se recordi ng system
i n det ahanneliclock eyele periosleE@4redorisipbeptsifsnse mif peovdediatearatidelinme a
classified into three categories of 3T mark (shortest mark) as shown in

FI G 17Ryidey enTYmide tﬁ@};ﬁlse bBamk té)bediradhu@disi dtlople@ asdeScritivd Addehekinte. 9.
9T) as shown in FIG 17D depending on the pulse width of the wite bi nary

.~ signal {(EF i s sho I N El 6. 17A ch . egree

- of freé%ﬁmoi 'ﬁ%\% "mt(f Hgadd?te& %gqrﬁiso Oﬁgpﬁmﬁﬁ%ﬁéﬁé{ﬁ%t{ge beam
and the pulse 4 1 Decenber 2006 W dth when form ng recording marks. Wth
t he 2T dnviedhbe samisoniduajorsiaser soremitar pulssbeame £or sich atsherttimelgngthed Invioves are

synchroni zed with the phase of the channel clock for even marks as shown in

FI G 17Gf thidlp roﬁl%xrgur 6 Idh% fol fhie high sp@l NRbHRS Shecifi@tipAS ol CID-RWs that

i rradiation,” the
defines a high speed recording rate of 24 times as high as the ordinary recording rate, a

system of irradiating a single pulse to form a recording mark with a length of 2 x T), or

irradiating a pulse beam n/2 times or (n — 1)/2 times to form a recording mark with a

length of n x T (2T pulse recording system) is adopted as write strategy. Such a

~ recording method is disclosed, inter alia, in Japanese Patent Application Laid-Open
Publication Nos. 2002-288837 and 2002-237051.

FIG 17A to FIG 17D illustrates the 2T pulse recording system in detail. With

| the 2T pulse récording system, recording marks are classified into three categories of 3T

mark (shortest mark) as shown in FIG 17B, even mark (e.g., 8 x T) as shown in FIG

17C and odd mark (e.g., 9T) as shown in FIG 17D depending on the pulse width of the

write binary signal (EFM signal) as shown in FIG. 174, to eéch of which a certain degree

of freedom is allowed in terms of the position of the irradiated pulse beam and the pulse




i rradiation and the cooling tinme after the pulse irradi il#j'on Bfaé({&g tail
end pulse for odd marks are differentiated fromthose R A1 end

pul se for even marks. This arrangenment is devised to change the |ength of
the recorded mark under the condition of a same nunber of tinmes of pulse
irradiation. Additionally, as for the category of 3T mark, a single

i rradi Ruks Iﬁﬁg%}é&%d]ﬁ ldrieg tine can be freely defined so as to
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synchroni ze 1t: cording marks on the recording mediumin terns
of recording r ngt.h and edge position. Effor have.heen paid in
ecent year s Wi die o Gt feeorGng SyPgRe e ismengall T Mrcirten pubs are
conpatible with the BD (Blu-ray Disc (tradenane)) systemthat enploys a

bl ue- visyhehronezeil evitidthetphasd afthe changel, clodkvfeir emet markOss shown iFIGd76hce
type recording mediuns contain an organic coloring material or a netal
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record oncé recor o kee ace wt evel opnent of

write-qnce, type recording nediyns,, efforts_are also being paid_.to vel op
opt | wﬁ@&ﬁﬁ@@ﬁﬁ%@?@@&@nﬁ@%ﬁé@ pafsemfihétl%eg wﬁeeq%ee@?%f%o di uns.
adapted to the BD system When a pulse irradiation systemis adopted for a

wite shakbegy @ifferominted- fone thysee of eber@ilngndsilsentoradat adartks. t A&iBD
system it may be safe to assune that it is necessary to keep uniform pul se
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pat ent docunments describes a nethod of apl){)l (ing the 2T pul se reccizrdi ng
syst ema $amee pamber of gnenatplse sradigfianed tiorallys as dor theveategosy 1 3dhase

change recording materials for recording mediunms and, according to them
pul se markadi ﬂhglewaﬂia&éd/pbﬁe%ﬂ et chiting tifel @nTbe drddiptdetined soBas ®Ot

feasibly be able to fin
synchronize it with other recording marks on the recording medium in terms of recording
mark length and edge position.

Efforts have been paid in recent years to develop write-once type recording
mediums that are compatible with the BD (Blu-ray Disc (traﬂename)) system that
employs a blue-violet semiconductor laser (e.g., wavelength: 405 nm). Write-once type

- recording mediums confain an organic coloring material or a metal material in the
recording layer thereof so that they allow irreversible recording (write-once recording).

To keep pace with the development of write—pnce type recording mediums, -
-efforts are also being paid to develop optimﬁm write strategies to be used for write-once
type recording mediums adapted to the BD system. When a pulse irradiation system is

adopted for a write strategy for write-once type recording mediums adapted to the BD

system, it may be safe to assume that it is necessary to keep uniform pulse irradiation




practical applications. Wile the International Patent lic ié@é
Lai d- Open Publication No. WX03023771 proposes a siml ar rdi ng
nmet hod, the proposed nethod is adapted to control the mark length mainly
by the irradiated tail end pulse width so that an excell ent

recordi ng/ reproduction performance may not be achieved if the nethod is
applied to wite-once recordi ng nedi uns. SUMVARY OF THE | NVENTI ON

Enbodi nents of the present invention provide an information recording

devi ce intanvdlsdior thef rpesel afrachieempdinngptimminh ocboadiapirestodoctihgwrfohmapde. num
performance relative to wite-once type optical recording nediums on which
i nformati onwisild 8sd sethet 3Hdive hitky paﬁ:)ﬁt dB&anRefs d%s&lﬁé@ 2Viethel ofephReRguct or

| aser in order to dissolve the above listed problens. In an aspect of the

presenty, ‘Jb ?ﬂiée&‘@%orhﬁ%r §/s{e§n %%'a%ﬁ? 8&1&1&&?5{5&&@% "G R 9%”&‘ reggélb(fg For

witing Wit e-once ypel ornmati on tecofdi ng nedi

havi ng recordin terial ives rise,.to an. irreversible change to
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| ess than a 6 ---------- e 1 Decenber 2006 redet er mi ned power
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where the light reflecting condition has changed, and spaces, which are
parts wphetieal t fyplicaghhs.r aVhdet ithg Twtediatioaal hPsteniot AppHeghad, Efid-Opsti ce
conprising: a nodulation section adapted to generate the binary data to be
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modul ating the input information; a |laser wite section adapted to
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so that an excellent recording/reproduction performance may not be achieved if the

method is applied to write-once recording mediums.

SUMMARY OF THE INVENTION

Embodiments of the present invention provide an information recording device
and an information recording method adapted to show an optimum performance relative
to write-once type optical recording mediums on which information is recorded typically
by means of a blue-violet semiconductor laser in order to dissolve the above listed
problems.

In an aspect of the present invention, there is provided an information recording
device for writing binary data on a write-once type information recording medium
having a recording material that gives rise to an irreversible change to the light

reflecting condition thereof when irradiated with light of not less than a




novi ng the position of the |aser beamirradi ati on spot iﬁ at i %0% t he
write-once type information recording nedium and a co F8?m§%r 8
adapted to control the laser wite section according to the binary data
and formng a row of recording marks and spaces corresponding to the code
string of the binary data. In another aspect of the invention, there is
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write-aonce type | rmati on“recor ng medi um haV| ng a recor di ng materi al

t hat give reversi anetoth | ectin
condi t i %W ttgﬁtreﬁr??%%@ C%?B@ﬁ F’=e‘¥ il %{tsgwhere

predet erm ned power |evel by form ng a conti nuous row of recording marks,
whi ch athe hghit seflebiémge cohditibn dias notedhamged nthecderdet icompiamgr Feangehilationd
spaces, which are parts where the light reflecting condition has not
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o] the nce nf or ma n recordi ng rre I um by nodul ati ngt he

i nput - orrratlon and irradjati er beamonto the wite-once type
i nf or ma FmFtoageerdge medi mﬂrﬁu}?&ngﬁé £ aigrmagor; Adases vt §

i rradiation spot relative to the wite-once type i nformation recording
medi um téddtoritradiaten hsertteanr dito thawriks onstypp ifemmatiorireBeximbmed 20,6
corresponding to the code string of the bi nary data. Preferably, in an
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 bi nary data is T, the |nput |nforrrat|on IS SO m)dul ated thfa]the shortest
i dent i caforeation Teserging Brediura: @idhacpniral section pdapiedde coplipl theaser write

Preferably, in an information recording device and an i nformation recording
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- corresponding to the code string of the binary data.

In another aspect of the invention, there is provided an information recording
method for writing binary data on a write-once type information recording medivm
having a recording material that gives rise to an irreversible change‘ to the light reflecting

“condition thereof when irradiated with light of not less than a predetermined power level
by forming a continuous row of recording marks, which are parts where the light
reﬂeeting condition has changed, and spaces, which are parts where the light reflecting
condition has not changed, the method comprising: generating the binary data to be
written onto the write-once type information recording medium by modulating the input
information; and irradiating a laser beam onto the write-once type information recording

medium, moving the position of the laser beam irradiation spot relative to the write-once

type information recording medium, to form a row of recording marks and spaces




pul se beamin a manner as defined bel ow depending on th engt h
recordi ng mark. Wien formng a recording mark having a ﬁ?ﬁ&?'ﬁh‘aﬁﬂﬁ? x T (nl

being an integer not smaller than 2), a pulse beamis irradiated onto the
wite-once type information recording nmediumfor nl/2 tines (decimals, if
.any, being to be rounded down). Wien formng a recording mark having a

l'engt h @frrd3pbndifBkd fe dobie! dftﬂe(,i@lg{#%tg_g an even nunber not snaller

than 6), a pulse”beamis irradiated o the wite-once type information
recording nmediumfqgr n2/2.tinmes.with all the.inter,medigte pul se beans

Gynchr ont zed biFtekRlie s dalodRatith rerdiHing deviotiend Ao RtonnBIt erORINBUI se
beam and the tail end pul se beam Wen formng a recording mark having a

| engt h @kiAlaceBRIihEto ah RibodEnent bf(ths iR AT BEChAEI&lodkObytaBE kigs t han
6), a pulse beamis irradiated onto the wite-once type information

recordi ' # - -] ] ' | e
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| eadin ul se. pbeam and the tajl end pulse beam Preferably, in an

i nf or rTgIFBSW Qfég‘égmaﬁlj a@we&ﬁgﬁ%&éﬂf%@r mati on recording 8 1 Decenber
2006 nethod according to an enbodi nent of the invention, the em ssion time
~of the pul sePrefeeably, inke jofomanen recosling device: sl amideination treeordiog iméthod of
t he | eadi ng pul se beam and that of the tail end pul se beam are changed as

a functdcoordifig tden ebediment of ihe ifipaten, tetbRh@hRIRS drefeameeditndirtddadtingfa t he
space imedi ately after any recording mark. As describe above, an

i nfO“'Zﬁ 19 bESH QN HQHH&VASCQ AR 5ol HBihbOh HeCRRER 00rdD ek Or di ng
to an r#)odi ment of the inveehtlon a?gn%%pttg toﬂl{errg%flﬁa{)]gr aMplﬁgse E'e.am as
descri bed above as a function of the length of the recording mark to be
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not smaller than 2), a pulse beam is irradiated onto the write-once type information
recording medium for n1/2 times (dechnals, if any, being to be rounded down). When
forming a recording mark having é length of not smaller than n2 x T (n2 being an even
number not smaller than 6), a pulse beam is irradiated onto the write-once type
information recording medium fol_' n2/2 times with all the intermediate pulse beams

- synchronized with the phase of the channel clock except the leading pulse beém and the
tail end pulse beam. When forming a recording mark having a length of not smaller
than n3 x T (n3 being an odd number not smaller than 6), a pulse beam is irradiated onto
the write-once type information recordiﬁg medium for (n3 — 1)/2 timés with all the
intermediate pulse beams delayed from the phase of the channel clock by T/2 except the
leading pulse beam and the tail end pulse beam. |

Preferably, in an information recording device and an information recording




to a wite-once type information recordi ng nedi um havi nqr@e re org('#q%?
material that gives rise to an irreversible change to t | ecting
condition thereof when irradiated with [ight of not |ess than a

predet erm ned power |evel so as to provide an optinum

recordi ng/ reproduction performance relative to a wite-once type

I nformation recording nmedium Additionally, in an information recording
device and an information recording nethod according to an enbodi nent of

t he i nvesthddagcardiagt tonamgndodinédre afuthatineentih, the eadisidri ameodf theppiilse beam
and the cooling tine after the irradiation of the pul se beam for formng

any retess] e dablikg 8hR ARRAMBEEmASIoR, fHeYIsitRA dfthe ﬁh%din%’}ﬂiléb Bdant hed BRAce

i medi ately before and that of the space inmedi atel y after the recording
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tol erance f.or | ace pul se. bea errors in the |ength of the
pul se bERgdfEely hﬁ&’&%%&rﬁ[ﬁ% Sﬂhﬁ\ﬁpf‘%npﬁ?:‘g]?tﬁﬁn@eﬁé‘%ﬁfeqoé@%@ FK. t he | aser
beamto be 9 1 Decenber 2006 reduced. BRI EF DESCRI PTI ON OF THE DRAW NGS
FIGI is a $¢hégsaribe bekk @nagtfammafiommreepnding| deyiexs and an information
recordi ng/ reproduction apparatus realized by applying the present

i nvent renordikg G1&hod aecardignet drcembodigtenadt dre ofvehtien afet aduptednteaitkadfatd he

apparatus of FIG1;, FIG 3 is a schematic illustration of the 2-group
obj ect bpRldettant 1AdestHBe@BbdEls a hﬁéﬁoﬁfofﬁl&e%ﬁﬁpﬁpfﬂe%%rdﬁl drit & Be
schematic illustration of signal detecting |ight receiving elenments that

fqrmed With this arrangement, the pulse irradiation intervals are kept uniform relative
to a write-once type informafion recording medium having a recording material that
gives rise to an irreversible change to the light reflecting condition thereof when
irradiated with light of not less than a predetermined power level so as to provide an
optimum recording/reproduction performance relative to a write-once type information
recording medium.

Additionally, in an information recording device and an informatioﬁ recording
method according to an embodiment of the invention, the timing and the duration of
irradiation of a pulse beam and the cooling time after the irradiation of the pulse beam
for forming any recording mark are changed as a function of the length of the space
immediately before and that of the space immediately after the recording mark. With
this arrangement, it is possible to accurately control the positions of the edges of each
recording mark so that consequently the tolerance for displacement of pulse beam and
errors in the length of the pulse beam is improved to allow the recording power level of

the laser beam to be




can be used for the optical head of FIG2; FIG5 is a sgq%?at%c %@ ck

di agram of the LD control section of the apparatus of it~ is a

schematic illustration of a drive signal that is applied to a

sem conductor | aser when formng a recording mark with a length of 2T; FIG

7 is a schematic illustration of a drive signal that is applied to a

sem conggthiced. | aser when formng a recording mark with a length of 3T, FIG

8 is a schematic illustration of a drive signal that is applied to a _
~sem conductor | aser when formng a recording mark with a length of 4T, FIG

9 is a schematic illustration of a drive signal that is applied to a

sem conduct or | aser when formng a recording mark with a length of 5T, FIG
10 is a schematic i||MD&S<ﬂ%IPJI@NOE AIBAARAMWINGSs applied to a 10 1

Decenber 2006 sem conductor |aser when forpming a recording mark with a

length of 6T; FREQ isla isshéanaiBIoek idiadrialf kopHbaladiscrabbidifioRirbdlctionat i s

applied to a sem conductor |aser when formng a recording mark with a
length f 7T. FlG 12,is a schematic illustration of a drive signal that is
appli ed%y%argmsg%aﬁzg%hﬁégflgmg gQFeSﬁﬂtéﬂv‘? ng a recording mark with a
| ength of 8T; FIG 13 .is a schematic illustration of a drive siE?naI that is

appl i ed to a FKaRiiseschanatic illasteationtodithd optidahhead ofthe apparatusaf KIGiI;h a
| ength of 9T; FIG 14A and FI Gl4B are schematic illustrations of the

tol erance re'%@istﬁsc%n%c%ﬁ%ﬂoméfﬂﬁ'ﬁggmﬁé% LT tﬁ@%@ﬂcaz

recording is applied to a wite-once type ng nmedi um cont ai ni ng an

or gani ¢, coJ of.i material as principal ingredient in the
g héad SEFIY2 COMprises; P P g

FIG 4 is a schematic illustration of signal defecting light réceiving elements that
can be used for the optical head of FIG 2; |
FIG 5 is a schematic block diagram of the LD control section of the apparatus of
FIG 1; |
FIG 6 is a schemaﬁc illustration of a drive signal thaf is applied to a
-semiconductor laser when forming a recording mark with a length of 2T;
FIG 7 is a schematic illustration of a drive signal that is applied to a
semiconductor Iéser when forming a recording mark with a length of 3T;
FIG 8 is a schematic illustration of a drive signal that is applied to a
senﬂcon_ductor laser when forming a recordiﬁg mark with a length of 4T;
FIG 9 is a schematic illustration of a drive signal that is applied to a
semiconductor laser when forming a recording mark with a length of 5T;

FIG 10 is a schematic illustration of a drive signal that is applied fo

Lo
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optical- disc recordi ng/ reproduction apparatus of FIG 1 the t rance
relative to displacenent of pulse beamof the (n - 1) ﬁlirﬁ%?gm 85%(&(:9%

~ irradiation scheme, which is the conventional pulse irradiation scheme;

FIG 15 is a schematic illustration of a wite strategy for formng a
recording mark by continuously irradiating a | aser beam FICA 16 is a

schematdepnitbhdifttdrdidedwheh fermihp agesdrtfigasirki with b derptnef €Ty ecording mark by
irradiating a pul'se beamfor one or a plurality of tines; and FIG 17A to

FIG 17D ti.c jlJ ti i t &tg : 10§

recordi ngr reraﬁﬁﬁg\n hllia: &rigt & flﬂ@aﬁgﬂ’?o%l @‘ﬁﬁsig g?%l/tf ?5{ raggiliéﬁ iq‘?igga

pul se beam DETAILED DESCRI PTI ON OF THE PREFERRED EMBCDI MENT 11 1 Decenber
2006 Newiconductordasnwhien ferminga repordingsmakswith pdengtmofYBat er detail by

referring to the acconpanying drawi ngs that illustrate an optical disc
recordi ng/ r egrreduet 190, apRahaic Shshafbh 26 abi:ivd Righah ahih s Rbpiedto a
invention. FIGI 1s a schematic bl ock diagram of an optical disc

recordi ng/l.reproducti on, appar.atus 10 .realized. appl ViHg the present

| vent i SicauRg et el BBk s tactgnedpr Aot BOARBLEERE: L6  Tot
recordi ng/ reproduction apparatus to be used with a wite-once type optical
disc 1 that HA& rBpriodusthamaticc digsiaiion | off g ditvd ssgrb that dria—apphecéitgca
(tradenane)) for recording/reproducing information by neans of a

3/13133 gi\%b%%@k@%%ﬁfé ﬂﬁ%ﬁg_a ongdgﬁtﬁgggﬁtg(p@gﬂé%ﬂggf%@%gge;nvﬁ tmt1 o?mat ion
ot Con JGo AR and SE 4B pRcsheaate Gifsiraliond B The Slefhnce Mitive to
displacement of pulse beam when double speed recofding is applied to a write-once type
recording medium containing an orgénic coloring material as principal ingredient in the
optical disc recording/reproduction apparatus of FIG 1 and the tolerance relative to
displacement of pulse beam of the (n — 1) times pulse irradiation scheme, which is the
conventional pulse irradiation scheme;
FIG 15 is a schematic illustration of a write strategy for forming a recording
mark by continuously irradiating a laser beam;
FIG 16 is a schematic i]lﬁsh'ation of a write strategy for forming a recording
mark by irradiating a pulse beam for one or a plurality of times; and
FIG 17A to FIG 17D are schematic illustrations of a write strategy for forming a

recording mark with a length of (2 x T) by conﬁnuousiy irradiating a pulse beam.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
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irreversible change to the light reflecting condition t
irradiated with light whose wavelength is 405 nm and seéelag%l S not

| ower than a predeterm ned |level. More specifically, when such light is
irradiated with not | ess than a predeterm ned power |evel, the organic
coloring material is destroyed and its reflectivity changed fromthe

original |evelowHhg ﬁ%éeh?nﬁ@ﬁﬁoﬁ%ﬁﬁb@%b&?ded%%e&eﬂ &etail ?Q%ﬁh@toftﬁél um

that utilizes such'changes in the I'ight reflec ing condition thereof to

record i nformation, Since th rts of.t ani,c G¢ol orj erl t hat
have bedomeRY BFdlra R e dslRE e tticahdisd sPer CpSidiPRo RS
write-once type optical disc 1 can record information only |rreverS| bly

(only oreahjed Bapiplyiag dndbpres@fdtventior. wri t e- once type optical disc | carries
thereon a spiral track extending fromthe cent er toward t he outer periphery

of the disc. qr r gg% Qﬁgant cM&iﬁ‘gﬁ%@?&dﬁcﬁ@ﬁ' ly,
as the | aser ]%m%mflg?lé(?{r&gi gtgga{n aﬁ I SC vmth Its powe I evel under
control and th aser spot on the disc.is npved at a constant |inear speed
(or a. ¥NFEIH %foﬁgé‘?daﬁ §H@¥H§g P BFRSORHBVETO8K  a row of parts where the

light reflecting condition has changed by the irradiation of | aser beam
with not | essThdwytical dise dedordingrestodpeiiverappasaths [0 scoredomiingfepkaduction part s

where the original light reflecting condi t i on is maintained (spaces) are
f or med ’ t | 3

si gnal )Eglﬂj'f'ﬁ,"q tt{)f\i%é‘}%%&%% %&drﬁ i th S arﬁgé(?ﬁe%gggdgs #gé&nggﬁgn t he
track is detected and the_recorded inforation ( ary si i .

r epr odueapatiteliya Witls e B Ee&ﬁru%rﬁnﬂlﬁ%ﬁﬁaﬁdﬁmeﬁo I r¢@y&i|ng(r§m;9 UEIHEN t he
predet erm ned power |evel and. the |aser spot on the disc is noved al ong
the tragforpatian by nieinedf 4 tud-Viphdt deatit@uduetbroisérhbeant rseatce (GaN laser

diode) with a wavelength of 405 nm.
The write-once type optical disc 1 has an information recording layer that
contains an organic coloring material. The information recording layer gives rise to an
| irreversible change to the light reflecting condition thereof wheﬁ irradiated with light
whose wavelength is 405 nm and whose power is not lower than a predetermined level.
' More specifically, when such light is irradiated with not less than a predetgmﬁned power
level, the organic coloring material is destroyed and its 'reﬂecﬁvity changed from the
original level. The write-once type optical disc 1 is a recording medium that utilizes
such changes in the light reflecting condition thereof to record information. Since the
| parts of the organic coloring mateﬁal that have been destroyed would never restore the
original condition, the write-once type optical disc 1 can record information only

irreversibly (only once).
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(Overall Configuration) FIG1 is a schematic bl ock diagr of . t pti cal
di sc recordi ng/ reproduction apparatus 10, show ng the 63&%3@Panﬁm8 '
configuration thereof. Referring to FIG 1, the optical disc
recordi ng/ reproducti on apparatus 10 conprises a spindle nmotor 11 for
driving a wite-once type optical disc 1 to revolve, an optical head 12
for irradiati Theavtiteseice hgsooptival dist Hecatried theegoben ping topk eg@hdhigsfeorh and
detecting the light reflected fromthe latter, a head anmplifier 13 adapted
to gene i ' t q Lt M. of : t f l'i ght
as dot odreinst FREBGIED bfernftry SCHC BRe T R i Borob AR B 91
1 Decenber 2006 servqQ control section 14 that perforns various servo

cont r ol t@ger aMaspspeaificallypes dag lasen beam dg arradiagdraye der discowita pshawers 10
further conprises a reproduction processing section 15 adapted to generate
r epr odudévedind@tcantbl andiihgildset sphaon thé Aistds fibkvBdhaa Sditmk linkyt sped&t {]0)‘ lang out
operations of waveform equalizing and binarization processing on the

rodul at CONA BT PSR ot B AebeB i ofebaftite e dight golring 1. e
denodul ation processing operation on the reproduction data output fromthe

r epr oducenditiop has elanigag by ¢he inmdiationddaser bearpwithmetdessthama predelessined

operation on the externally input recording information in order to

gener at poiief fvél [¥ec ﬁﬁﬁcs%n&?aﬁ@ R{Hepé t}&eéﬁ%ﬁﬁl AEABiRE dondaR isol the

operation of driving the |aSer di to The recording data

i ode accordin
o, 71 erpintgined SRR pie Ffsdsonho acr ARG L4 KON THOTIRE RS | o
schematic illustration of the 2-group objective |lens that the optical head
12. g:lolrrg t(l?;ingﬁrasigiﬁ).op"fhwlthmm of zhén asconding mnaxks ciclt the spacasr fomhed depthed t o
o track is detected and the recorded information (binary signal) is reproduced when a laser

beam is emitted with a power level Iower‘than the predetermined power level and the

laser spot on the disc is moved along the track so as to detect the light reflected by the

track.

~ (Overall Configuration)
FIG 1 is a schematic block diagram of the optical disc recording/reproduction

apparatus 10, showing the overall configuration thereof. Referring to FIG 1, the optical

disc recording/reproduction apparatus 10 comprises a spindle motor 11 for driving a

write-once type optical disc 1 o revolve, an optical head 12 for irradiating a laser beam

onto the write-once type 6ptical disc 1 and detecting the light reflected from the latter, a

head amplifier 13 adapted to generate a reproduction signal from the quantity of the

reflected light as detected by the optical head 12, servo error signals and so on and a

13




- type optic

generate a | aser beamw th a wavel ength of 405 nmand a,2:9ro |.ective
|l ens 22. The flowrate of the drive current to the sem%)(?%ﬁﬁ]g’%b?éﬁaaser 21
is regulated by the drive control operation of the LD control section 17
in such a way that a wite strategy of irradiating a single pulse beam for
formng a recording mark having a length of (2 x T), or irradiating a

pul se beavo contrel Sectibn (14 thal pedoirherwaribey sérobnion@oh opemtions. nglmaoktidadvi ng
a length of n x T (2T pul se recordi ng systen) is adopted for pul se beam

i rradi at.i on, h ratt on D, ral i i ng

the. sentRoRmna B BSHRt oy R ORI SBnstBG ptRplbAphitn TRBlShe

greater detail hereinafter. As shown in FIG 3, the 2-group, objecti vg | ens

22 i nclse¢tien 45 fadepted kegenerae repreduiion data ehe digitgbda stg (gmﬂnéSIgﬂ%lé Yype

optical disc 1, a second lens 24 arranged in such a way that its optical

ax1 s a%&gﬁngwdlﬁtdﬂéﬁatmkl&am%foﬁn%qﬁdlﬁiﬂge afid ZRnarrakion Sprlootsdiiy 8h theor
irs

hol di ng t he | ens 23 and the second I'ens 24 and a bi axi al

el ectromagnet i.c actuator 26 adapted Lo s ort-the | . -and nove
it bot HEP Oy Al | BHPY gPH’e%%b?Heé‘tll aifRE" 13 A o PRlPogala
perpendicular to the track of the wite-once type optical disc 1., The

© numer i galocegsing seciorol 6 adaptéd tostartyens a2l37BR demiodukibion prodessing RpcraiipR Alput
together to operate as a single lens, is equal to 0.85. The | aser beam

em tt e%&f@ﬁ@h@ﬁ&ﬁﬂ&ﬁ%ﬁp{ﬁ%ﬂ 1R SEprddubtiort BRICEESIRH s@itioR 13)18nd W i-yRPONCe

Isc 1 as 1t" passes through the two | enses of the first |ens
~ 23 and the, second |l ens 24. .Since,the 2-grou bj ect.i ve Lens..22.has,a high
Auneri GROJUIBERR PRRCeSHRE OPSIRIon B iR AIG HIRE EECGF lflﬁén%%fﬂél??w%o S is

relatively small if conpared with conventional optical pickups and, in

this enfoqgtingens recorling dita saldentLID4@nfrol secend 7adaptedith eontrbkthamperation
inclination of disc is reduced in optical disc devices when the

of driving the laser diode according to the recording data (binary signal) output from the

modulation/demodulation processing section 16.

FIG. 2 is a schematic illustration of the optical head 12 and FIG 3 is a schematic

| illustration of the 2-group objective lens that the optical head 12 comprises.

The optical head 12 has a semiconductor laser 21 adapted to oscillate and
generate a laser beam with a wavelength of 405 nm and a 2-group objective lens 22.
The flow rate of the drive current to the semiconductor laser 21 is regulated by the drive
control operation of the LD control section 17 in such a way that a write strategy of
irradiatmg a single pulse beam for forming a recording mark having a length of (2 x T),
or irradiating a pulse beam for n/2 or (n— 1)/2 times for forming a recording mark having
a length of n x T (2T pulse recording system) is adopted for pulse beam irradiation.

The operation of the LD control section 17 for controlling the semiconductor laser 21

-‘1_4 ‘




nunerical aperture is raised. The cover |ayer |la of the ite-0 type
optical disc 1 is nade as snmall as about 0.1 mMmin Ordé:ﬂetcgmggrgfpﬁg for the
optical disc recording/reproduction apparatus 10 a tolerance to
inclination of disc that is as large as that of DVD reproduction devices.
As shown in FIG 2, the |aser beamenitted fromthe sem conductor |aser 21

i s col wilkhe ddsanped icgichiendetail hereisaf®?. and nade to sequential ly pass
through a 1/2 15 1 Decenber 2006 wavelength plate 28, a diffraction
grating 29 fopsgaRemat Fmas,s%ez?g&]&p opjeRfiv! It H2linc RRABDY! ft AR by
processing track control error sighal's, pol arization beamsplitter 30, a
liquid crystal engnt and a 1/4 wavel epngth _plate 32 for, converting a

li near| W&ﬁ?ﬁﬁ%%g‘:ﬁﬁgﬁﬁ? W'&e“gnﬁ?ﬁﬁl?l%ﬁqcﬁf]%é? ar AZeeOLlens 174 Franged 1 s
converged onto the wite-once type optical disc 1 by the 2-group objective

| ens 22suchieewhnttet itbepticad axis tagrees fwithnthe beticd aksofduclcor 2828 lens Réldes2part | y
refl ected by the polarization beamsplitter 30 and then led to an em ssion

out put o6 ' L Y| G | : The
o Si o0 i the frelnt 55 hd WRoELAITERL 24 3n04 LipGA MG bnelif Boldr 17,
of incident light. Its detection output is supplied tg the LD control

sect | ongé ?5%‘3@ asuPpRYE tﬂ%iﬁrﬁlho?dﬁf Prandsapye stk ibthe disestion pfitke epfinat ol | ed
to show a constant |evel by the LD control section 17. The intensity of

l'i ght saxis lahé dn thdireetios pegendicupitto daé eatk of the white-baGEtypedptical gigent 34 is
regul ated by the rotary angle of the 1/2 wavel ength platée 28. The liquid

gener at Brsumcen) rppRfeR RAFE G2 Bld slelind LF o Ry HREMeRABPRR ™ 1

amount of conpensation for the spherical aberration that is produced by
“the er reperqta ag psingla lerndsequal taB85cover | ayer |a.

The laser beam emitted from the semiconductor laser 21 is converted onto the
write-once type optical disc 1 as it passes through the two lenses of the first lens 23 and
the second lens 24.  Since the 2-group objective lens 22 has a high numerical aperture
of 0.85, the moving distance of the objective lens is relatively small if compared with
conventional optical pickups and, in this embodiment, equal to about 140 pm.

| Generally, the tolerance to inclination of disc is reduced in optical disc devices when the
‘numerical aperture is raised. The cover layer 1a of the write-once type optical disc 1 is
made as small as about 0.1 mm in order to secure for the optical disc

~ recording/reproduction apparatus 10 a tolerance to inclination of disc that is as large as
that of DVD reproduction devices.

As shown in FIG. 2, the [aser beam emitted from the semiconductor laser 21 is

collimated by a collimator lens 27 and made to sequentially pass through a 12

15




The voltages applied to the respective electrodes are ¢ r ol ed2e t he
servo control section 14. The beamreflected fromthe 1FEM8HC ype.
optical disc | is nmade to sequentially pass through the 2-group objective
|l ens 22, the 1/4 wavel ength plate 32 for converting a |inearly polarized
"beam into a circularly polarized beamand the liquid 16 1 Decenber 2006
cryst al wavelength Haten28, diffraction gratihg Xefbrigenttatinga side zpof tnbdased &l itter
30. Then, it is made to pass through a converging lens 35 and a nulti-I|ens

36 and_piapulAsnly kit i ACEIII 4t SHERAl, @ poldfzafibdBam dBkRE 3008

whi'ch is a photoel’ectric conversion e IS e

astigmat.i sm net hod.and a_differential push:puyll thod are, used.

respect &Ly S &%?%3&% asf}ﬂn‘éfﬁv @‘t‘%@tf#@w g‘ét JCUNEINEaR Kinegtl¥r r or
signal detection nethod. The light receiving element 37 for signal

det ect i polarigechrbeaine imot at biatularly pblarizéddbéarh obefoghtit f$ ajonvelgtd comto sthd
through H as shown in FICA 4. The focusing error signal (FE) and the

t Ki ' . [+ I t b

reans. of Toonts SpEPRlicdl e BbS B ERIRIAIRE Ul 2h 2 TR RER il Y
th h det ect th h H FE=(A+tO)-(B+D) ... (2 :

TE( A FoRBReyciandaplr Ay P11 pprtly roferied oie polatizfionbeamsenlicer d0ent
" Both reproduction signal (RF) and sum signal (SUM are the sum of the

- phot o daicthenrdad # &b emigiorowpdt detectimgVitht byceivihgeletner(t 4% ek evaveeihg t hat |
~all the band conponents of the reproduction signal (RF) are utilize

R cosinay, [ The QA6 BHENE QbRofil fibf B8 HBNeht3 M hebS i iy
of incident light. Tts detection output is supplied to the LD control section 17 so that the
output of the semiconductor laser 21 is controlled to show a constant level by the LD
control section 17.

The hltensity of light striking the emission output detecting light receiving

element 34 is regulated by the rotary angle of the 1/2 wavelength plate 28. The liquid

- crystal element 31 has a concentric pattern of electrodes and is adapted to generate an

undulated surface that is substantially equivalent to the amount of compensation for the

spherical aberration that is produced by the error in the thickness of the cover layer 1a.

The voltages applied to the respective electrodes are controlled by the servo control
section 14. |

The beam reflected from the write-once type optical disc 1 is made to

s.equenﬁally pass through the 2-group objective lens 22, the 1/4 wavelength plate 32 for

- converting a linearly polarized beam. into a ciicﬂarly polarized beam and the liquid

16




Al'l the above cited arithmetic operations are perforrred@y th§ rhg@%
anplifier 13. The servo control operation of the servo ort P8P tion 14

is based on these signals. The servo control section 14 normalizes the
focusing error signal (FE) and the tracking error signal (TE) by neans of
the sumsignal (SUM and generates a control 17 1 Decenber 2006 signal by
oper at i agsthbelen@inh3 hbpfse mes refottddhathe ptirissitior beamarsplitier 3t Bherg éds
signal. Then, it drives the biaxial electromagnetic actuator 26 in the

opti cal 3%5%? j [ hl]t%m' I 2491 oup
obj ect i%lgsegoni) 2 %ﬁ#%%ﬁéﬁﬁéﬁggﬁﬁ% a%%ldas ra(h:??% % F§|1§d5&'ﬂ§ l?ggvo
control se_ctioq 14 a%z,?sfo controls the spindle notor 11 for _revolutjons, the
seni corf§GelVEIS ¢lement hior signaldetentiopowhichis aphsiaelestrireanyarsinn glemepbwer

| evel thereof and the liquid crystal elenent 31 in the optical head 12 for
operation. THa thistdmlsddigicas an estigreatign heghodited b eliffapndl pusls-pill thethiddg t he

above described configuration operates in a manner as descri bed bel ow for

si gnal i i i j r i he
poner GrEERETHEbEARNSRER: Rtk soioF Sl Bea Rl wBlkBAng FRIE S Fndl Ty ¢
the reproduction_ | evel and the servg control section 14 perforns various
servo cdsteqtion melbed: i dhe lishlusseining glemently for gigarl despation s rn glespt thaton.

The reproduction signal (RF) output fromthe head anplifier 13 is supplied

‘to the js dpAdadings tioht plicte deries A%iough Hlas shbeh indll4uct i on processi ng
section 15 carries ou operations of waveform equalization and

Phe epr oo by GG G T8l T BBl bl PR, PRE e, i
optical disc 1. The data string output fromthe reproducti on processing

sect i orcomgputationapiytdetastadrespastivelzttiyomeasmfdormulas (2)mngd83 showgn delowy on  16.
e tt{l: basis of the outputs of the photo detectors A through H.
FE=(A+C)—(B+D) - O
_TE=(A+D)-—(B+C).—k{(E.——F)+(G—H)} ..03)
k in the formula (3) is a coefficient. Both reproduction signal (RF) and sum
signal (SUM) are the sum of the photo detectors A through D and are given by formula
(4) below. Note that all the band components of the reproduction signal (RF) are
| utilized whereas only low band components of the sum signal (SUM) are utilized.
RE=SUM=A+B+C+D : ... (4)
All the abo%re cited arithmetic operations are performed by the head amplifier 13.
The servo control operation of the servo control section 14 is based on these signals.

The servo control section 14 normalizes the focusing error signal (FE) and the

tracking error signal (TE) by means of the sum signal (SUM) and generates a control

7'17 ‘




modul ati on/ denodul ati on processing section 16 denodul at the in dat a
string in a manner matching to the nodul ati on met hod (ii¥ﬁ@mﬁﬁhﬁﬁétion)
conformng to the BD Standards and out puts the denodul ated digital
information to an external apparatus. 18 1 Decenber 2006 For signal
recording, the recording information to be recorded on the wite-once type

opt i cal sighsihyl opdafiflpRir doi? RSS9 PhadPRKIAkIeRt b tidormalized signal.

nmodul at 1 on/ dénodul at’i on ~ processi ng section 16. The nodul ati on/ denodul ati on

The modbhdeb e e vlophfaendfs aator 3t ARk bl bRNLS TR AP oo
and supplies the obtained wite data string (binar signal) to the LD

cont r ol theeaitioh signal Zheé canirols theagroupi aijective demsy 22 ifgn ficpsing ¢ompol and t he
I D control section 17 along with its channel clock and the sem conduct or

| aser Z&aéﬁn%gbhﬁaﬂ A CoRt bOhkSIkREERMD! 8b EShitdle t éaﬁiﬁdl%_trhéﬁfgx fgapt ed

to the prese I nvention 1n response to the wite data string (binary

signal).. this tinme, the servo ral section A..perforns various servo
cont 1 o TESRLIaPS.oiHe sSicaiBoiOB A HP Jop e PHBREOR FRUIZRE BE DL RO
optical disc 1 is controlled (addressing control) so that the information

i s reclwdbtiereof tidtherliquid crysial elenenopt ircthe optisal hiadi2 foreopeoationi on t hat
shows ‘the predeterm ned address. (LD Control Section) Now, the internal

et ai | bel ow, TP e SRR/ BECH Abr dopbttus [HARIE TcMmosk Qesbld ©1
{he. 1 o IEBRRIR ARG P BATBSPS JRe b ek iEPal DRyt TRE Wt 6
signal .- The NRZI signal that is encoded by ‘
' recording.
For signal reproduction, the power of the laser beam emitted from the
semiconductor laser 21 is held to the repfoduction level and the servo control section 14
- performs various servo control operations necessary for the signal reproducing operation.
The reproduction signal (RF) output from the head amplifier 13 is supplied to the
' Vreproducﬁon processing section 15.  The reproduction processing section 15 carries out
operations of waveform equalization and binarization on the reproduction signal (RF) so
as to reproduce and output the reproduced data string (binary signal) recorded on the .
‘write-once type optical disc 1.  The data string output from the reproduction processing
section 15 is input to the modulation/demodulation processing section 16. Then, the
modulation/demodulation processing section 16 demodulates the input data string in a

~ manner matching to the modulation method (1-7PP modulation) conforming to the BD

Standards and outputs the demodulated digital information to an external apparatus.
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the 1-7PP nodul ation nethod is a signal having a conti NYQys enﬁ(m%al code
|l ength that is equal to 2 x T at shortest and 9 x T at Io‘?‘?&@ £ ere Tis
the cycle of the channel clock. 19 1 Decenber 2006 Then, the LD control
section 17 forns a recording mark having a |l ength that corresponds to the
time length of each part of the NRZI signal, which is encoded by the 1-7PP
nodul ati on neidraignal eedoedingf the rembriing Snivpigtiars tol b Rieonded drethe dvrite gmat
hereinafter), that is continuously held to H GH and a space having a |length

~ that 1k [ I fﬁ}ﬁ%ﬂ”? :da ted
si gnal %Qﬁﬁgﬁd%%%?i%tﬁ}%lﬂﬁﬁe@%%nﬁl or ?L?%qulgpg%gé?/atgﬁgaﬁ%ﬂé%nt r ol
section 17 controls the |aser_ heam em ssion of the,sem gonductor, | aser 21
i n sucHPTRCowNL 5HoR he- sgh?éﬂ?@ﬂ%tﬂwgem @U%PHOFP%?H?%ﬁeé’QOHqg%%ﬁimﬁ@Fse
beam for each part of the input 1-77PP nodul ated signal that is

cont i nushputheipblitia dhdnenateduges thé enctiilstivinomettod: fle7PRseodubetm)t o t he
bias ‘level for each part of the input 1-77PP nodul ated signal that 1s

continu hel 5. ] - W o [=T f LD
control 8@#@% @7&183%@%5%@5 #ﬁ?@p%%ﬁg%ﬁ# %élgérd;%g% ‘ e?@gg. (bi[\gﬁg hown
in FIGS, the LD control section 17 conprises a recording Jmark/ spac
det ect i fignalptorthe Dy gontroliseetien Ganethe wilde dade st (bmary signal és W@ﬂ?@rtﬁe Menory
section 43 and a |l aser drive section 44. The 1-7PP nodul ated signal and

the chanpetorfilobGkctine] 7 Aldig Withtibechi@el Sotl andehé/sepdcmddeioe disen@isiect i on
'41. The recording mark/space detecting section 41 detects the tine length

Sf ¢ E?M Rt AGecie orBe it @by ABeaET e Witlyefone RECARE R P
“ o arrégponse to the write data string (binary signal). At this time, the servo contrpl section

-

14 performs various servo control operations and the recording position on the
write-once type optical disc 1 is controlled (addressing control) so that the information is
‘recorded on the write-once type optical disc 1 at the pﬁsition that shows the
predetermined address.
(LD Control Section)
Now, the internal configuration of the LD control section 17 will be described in
| greater detail below.
The write signal that is input to the LD control section 17 includes an NRZI
(Non Return-to-Zero Inverse) signal that is encoded by the 1-7PP modulation method
and the clock (channel clock) of the write signal. The NRZI signal that is encoded by
the 1-7PP modulation method is a signal having a continuous identical code length that is

equal to 2 x T at shortest and 9 x T at longest, where T is the cycle of the channel clock.

10




conputationally determ nes the recording mark | ength an he a engt h
for the 20 1 Decenber 2006 respective parts. Since thg qqcfﬁ'%%ﬁg@ﬁ at ed

signal is a binary signal and recording marks and spaces are arranged
alternately without fail, the recording mark | engths and the space |engths
that conputationally determ ned are output alternately. The pul se
generating sefh@gnhéilbeoaﬁub&mﬁmslﬂbﬁmﬁﬂhﬂﬂxﬂnﬁﬁgh@ﬁhﬂh@h@mﬂkﬁ%ﬁ1ﬂ&ﬂace

| engt hs. output fromthe recording mark/space detecting section 41 al ong

with th i.m chann ) pul se: i tion
42 r eadcoRuPOp e i KABRLGH oo BRf orE NI el SEIHIR SRS dsH e
-recording nmark | ength of each of the ‘recordi n? mar ks _and t he gﬁ)age | engt hs
of the $pAdednedulation methoddiatlky yelsardr to simplyafs et-7PRe mashdated nagnalr k
fromthe pul se pattern nmenory section 43 and generates a drive signal for
a pul sehbepanigsy ithadisbyortiitionsySkeldaiol BIIGH nindr ABdpa08 halhify Balngtn thenor y
section 43 stores waveform patterns of pul se groups (pulse pattern

i nf or mat, | ted en recordjn S afr r ith regard
to al cuinpehdf e 1S (BEE LR o B PR ety Rt Bied BEREL e e
space lengths inmmediately before a recording mark and the space | engths

i medi acetipuapsisrheld ted Wi ndfor taispurmss, the BB pentrad rsactiont &7 reentrols the
typically stored in a predetermined region on the wite-once type optical

di sc 1 nie Beanfemikiodst thé S&BitohdudtOelaRa 1 18 subR ARy, SacteBmidchdiber t he

write-once type optical disc | is nmounted in the optical disc

recordi pgl/reproducti on a rafus 10. The pul ener,atd S i an.42
Goner at B A RO A BB Bah et 1 cathpabinr e St ¢ P mddi gl ¢ o
‘produce an emi ssion pattern_indicated in the pulse pattern information at
-t he ti nthatjiseonfionenustgheldrte HIGH agd natuices The eaission ofi thedtses beamirtovke biast r ol

level for each part of the input 1-77PP modulated signal that is continuously held to
LOW.

FIG; 5 is a schematic block diagraﬁ of the LD control section 17, showing the
internal configuration thereof.

As shown in FIG 5, the LD control section 17 comprises a recording mark/space
detecting section 41, a pulse generating section 42, a pulse pattern memory section 43 |
and a laser drivé section 44, |

The 1-7PP modulated signal and the channel clock are input to the recording
mark/space detecting section 41. The recording mark/space detectjng section 41 detects
the time length of eabh HIGH part of the 1-7PP modulated signal and that of each LOW
part of the 1-7PP modulated signal on the basis of the timing of the channel clock and

computationally determines the recording mark length and the space length for the
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21 1 Decenber 2006 signal for the sem conductor |aser ﬁjq SO Sn%@ emt a
beam of bias power at the timng of formng a space. | HFOPEHELG; ment ,

t he sem conductor laser 21 is controlled for its drive power |evel by
three values including a peak |evel (Pw) that is for recording power for
formng a recording mark, a bias level (Pb) and a cooling level (Pc). Thus,
‘the pul sspedbrepatsi nGiwectheoh 72P motiplates] sigsalginal bidary isinal and catcedinghe
peak | evel (Pw), a signal Pb that indicates the bias |level (Pb) and a

genor at L] T, LY B AadpRd Ay, i O oot . BHBIE 3R, e

pul se generati ection 42 gre _input to.the |aser drive section 44. The
| aser d e\,sgagf‘e@gg%ﬁ cormputationally detepnined arg eutpyt aliematelg) ecti ng one of the

three levels (peak level, bias level, cooling level) for the flowrate of

the el ectric The palst donatating seetien 0 fdcoiwes thd hevosding anadulzhpths| aaglethe2 1
according to the above described three signals (Pw, Pb, Pc), an éelectric

i cacroBRe B EHTEH fonhb ooy HRaNRE. WBRafH Sailoh 1 AERP L .15 2,
APC (Automati ¢ Power Control) circuit 53 for regulating the flow rate of
the el cdmITEOK therdwmel Qakng Tisms Rie plae gewudinsoction & waduewdhaphlit o t he

- feedback signal for stabilizing and controlling the | aser power output from

t he serpmm%fdmiaﬁsgcmhp@oﬁé%po% foa gy réi'!dr&ﬁ%sﬁl@ﬂ'l{ dength bR ¢hélo ofhtheabove
described configuration is adapted to drive the sem conductor |aser 21

gener ar Baot s A AR e A IS of FR (5380 At iRy FERHEh" "
sem conductor laser 21 irradiates a | aser beamonto the wite-once type
opt i cal aftatiteerecording mark from the pulse pattern memory section 43 and generates a drive
signal for a pulse beam defined by the pulse pattern information. -
The pattern memory section 43 stores waveform patterns of pulse groups (pulse
pattern information) that are generated when recording marks are formed with regard to
all combinations of the recording mark lengths (2T through 9T), the space lengths
immediately before a recording mark and the space lengths immediately after a recording
mark. The pulse péttem information is typically stored in a predetermined region on
the write-once type optical disc 1 and read out and stored in the pattern memory section
43 when the write-once type optical disc 1 is mounted in the optical disc
recording/reproduction apparatus 10.
The pulse generating section 42 generates a drive control signal for the

semiconductor laser 21 so as to produce an emission pattern indicated in the pulse pattemn

information at the timing of forming a recording mark. It also generates a drive control
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----------------- 1 Decenber 2006 (Wite Strategy) Now, the net of
controlling the power of irradiating a |aser beam for a1c§§ﬁ°§mbﬁﬁ$q%
operation (wite strategy) will be described in greater detail bel ow FIGS.
6 through 12 schematically illustrate channel clocks, 1-7PP nodul ated
signals (2T through 9T) and drive signals that are applied to a

seni congigaildbr thrsemigdndustigaden D iriso @s te emitcdi Beanivaf bits woler hethgttinsing o't
correspond to the respective signals. FIG6 is a schematic illustration of

a drivegsi | a e . [ ' iz ~of 2T
(2T mar Er o spfe, " B GRS e b SEARRAROTBIE: 21 o RANOE 8

pul se pattern of recording mark with a length of 3T (3T mark), while FIG 8
is a sdAenpever kevelbst thae wivesringludingaepeakgaws! (Poy thatgs fos sequdinabewsr
recording mark with a length of 4T (4T mark). FIG 9 is a schematic

i 11 ust r fgrifoin@ adebrdite mud) albidsdevel &%l Déddlileval {(PE)e Cc At tbe palkk W t h
a | ength of STE( 5T mark gﬂ% FI G 10 i(gwa schematlgg iIICﬂs)'?ration gfmsa drive

si gnal . U t ' FK, W f 6T mar k) .
S 1 ar PSPelind bt 2 ot AP P RIS b et ROE ol el P D L
pattern of recording mark with a length of 7T (7T mark) and FIG 12 is a
schenat thet indicatesrthe ibias levela(Pbyand e sigapd Aic thet indigatesstbe saolieg levet (Reddar di ng
mark with a length of 8T (8T mark), while FIG 13 is a schematic

i1 ust r gidePtd prass tid YehePated dibnAlPattdrPul se pattern of recording mark with
a length of 9T (9T mark). The rul'es for form ng recording marks with the

above |isted f.especti.ve | t 111, be.described below. (1).,.W form ng
P ecor di ng. s pedals dBgh BB, e phepi ot Bsantiee Sepeiiling btiong2 ar
input to the laser drive section 44. The laser drive section 44 has a switching circuit 51

for selecting one of the three levels (peak level, Bias level, cooling level) for the flow rate
of the eléciric current that is made to flow to the semiconductor lasef 21 according to the
- above described three signals (Pw, Pb, Pc), an electric current control circuit 52 for
controlling the electric current flow rate at each of the three levels (peak level, bias level,
cooling level} and an APC (Automatic Power Control) circuit 53 for regulating the flow
rate of the | electric current flowing to the semicondljétor laser .21 according to ‘the
feedback signal for stabilizing and controlling the laser power outbut from the servo
control section 14. | The laser drive section 44 having the above described configuration
is adapted to drive the semiconductor laser 21 with the electri;: current flow rate
corresponding to the pulse pattern generated by the pulse generating section 42 so as to
have the semiconductor laser 21 irradiates a laser beam onto -the write-once type optical

disc 1.
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1 Decenmber 2006 not snaller than 2), a pul se beam of nll[% pul seg
(decimal's, if any, being to be rounded down) is emtted REEHPE 2 e
length of nl x T. More specifically, the optical disc

recordi ng/ reproduction apparatus 10 forns a 2T mark and a 3T nark on the
wite-once type optical disc I by a single em ssion of a pulse beamand a

4T markqg rk on the wite-once type optical disc 1 by two
em ssions of a p%}qae beam whereas the optlcal d| sc recor di ng/reproduction

apparatus 10 for r k nﬂi& ’T rrark nce tical
disc 1 by thr %We %?@Hgn%&fmg BstBeB@‘aVﬁFé? f?rii'ls qbaqqalﬁ;f rk on
the.wite-once type optical disc 1 by four em ssions of a pulse beam (2)

Each puivsitc dysratiors(venite straggyjreill be described imygaehtef detail beloyeni conduct or | aser
21 is held to a predeterm ned power |evel (peak |level (Pw)) and

subsequent | y fyewers ¢thhi ghQZC&Eehﬁﬁcélﬁy ﬁhusﬁgfe) chﬁﬁ’leFE]oEk@‘ RYPB endiRiied

r epeat edl y for a plura sem conduct or aser 21 1's driven
by repea g the cyc eak | evel co0 | eve P Not e
that thd &(Tébr@ g{lﬂ;lf)a@ ‘éeagmlétb%wﬁ apBﬁe‘gFﬁﬁtSP d%&@ﬂ%@éiﬂmth
power necessary for destroying the organic coloring materi aI of the

writ e- ohen tMﬂn?Q'@bmd&ig thagkd withhlengths thiecarasspond td éhwetespdtiveissgrdie drive

| evel for controlling the wwdth of the recordl ng mark and al so controlllng

e o €4 5 R G Br BER el 18 BuefRat RoRE IR T

for spaces. In other words, the_bias. |evel (Pb), IS the r|ve |.ev for

pr eheat With @m@hoé‘ﬂg‘r(QTﬁgaﬂ(ﬂﬁg@Hﬁ ‘ois aasohgmat on phe ‘é%lf(lgp Fa pw).
The bias level (Pb) is 24 1 Decenber 2006

pulse pattern of recording mark with a length of 3T (3T mark), while FIG 8 is a

schematic illustration of a drive signal for a pulse pattern of recording mark with a length
of 4T (4T mark). FIG 9 is a schematic illustration of a drive siénal for a pulse pattern
- of recording mark with a length of 5T (5T mark) and FIG 10 is a schematic illustration
of a drive signal for a pulse pattern of recording mark with a length of 6T (6T mark).
Similarly, FIG. 11 is a schematic illustration of a drive signal for a pulse pattern of
recording mark with é length of 7T (7T mark) and FIG. 12 is a schematic illustration of a
dri\}e signal for a pulse pattern of recording mark with a length of 8T (8T mark), whil;e
~ FIG 13 is a schematic illustration of a drive signal for a pulse pattern of recording mark

with a length of 9T (9T mark).
The rules for forming recording marks with the above listed reépectivc lengths

will be described bélow.

(1) When forming a recording mark with a length of n1 x T (nl being an integer
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found between the peak level (Pw) and the cooling |evel c). (3 he
timng of em ssion and the duration of each pul se beam é&g")@ﬁwg?%qq ed by
the tinme width during which the drive signal is held ON (the tine width
during which the pulse beamis held to the peak level) and the timng of
the rising edge of the drive signal when the latter is made ON. Mre

speci f i ned snralldrtharo R}, iacpilselbedin rofedripozes aluchdals! if afy,2udes & bs rduhded@nt rol s

- the timng of the rising edge of each pul se beam and hence the position of

t he pul m . L bel ow Assune that a pul se beamis
em'ttedaﬁgﬁfﬁ%;@%%@nﬁgéﬁﬁfqgn%gt%g%??ﬁunber not smaller than 1) for
formng a recording nmark having a certain _|ength and that the timng of
the rising edy®respedicallyythe fm%mal dise deeqirding/repioductiny appapainsd Otforha
recording mark is found at tinme TS. Note that the tinme TS cones at a

tinmng phahakSanslyN8Mramkzecthel wite-drite tg?@@ féal AiRCK by Bngle einliksion 8f at he |

l | eadi hg pul se beam (rising edge) is controlled by neans o the delay tine
fromthe 4] TS. Therpositign the tajl en ul se beam t ul. se beam
< cont bt Biemyindel £LBOEk A 3L et drber VB Pichaperaptieal fhae L B bv8
T}). No tail end pul se beamexists in_ the case of a 2T mark and a 3T mark
becaus eemissibns o appudsedwam, svheseas the optical ghisc reeardinginaproduction appsratms hdr e
than one internediate pul se beans other than the | eadi ng pul se beam and
the tai for@Rt @Dhilc BERET hbrledth fe wrifedd i ager j k, the
| P C Tl I S S

position of the internediate pulse beam or ch’ _ “the
|t or Mok ShSisB LR ST bk bha ¥t Stk B hd Shosc i opaSat by 1 @

manner

" four emissions of a pulse beam.
(2) Each pulse beam is emitted when a drive signal for the semiconductor laser
- 21 is held to a predetermined power level (peak level (Pw)) and subsequently lowered to
a cooling level | (Pc). To emit a pulse beam repeatédly for a plurality of times, the
semiconductor laser 21 is driven by repeating the cycle of a peak level (Pw) and a
coo_]ing level (Pc).
Note that the peak level (Pw) is the drive level for emitting a pulse beam with
power necessary for destroying the. organic coloring material of the write-once type
| optical disc1, whereas the cooling level (Pc) is the drive level for controlling the width of
the recording Iﬂark and also controlling each recording mark length on a channel clock
basis. On the other hand, the emission power level of the laser ‘beam is held to the bias
Jevel (Pb) for spaces.  In other words, the bias level (Pb) is the drive level for preheating

when starting emission of a laser beam at the peak level (Pw). The bias level (Pb) is
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described below If the recording mark length is 6T or ant%g:rgﬁlgd (ft) ual to
even nunber times of the channel clock (e.g., 6T, 8T), 't &%n of

" pul se beamis so controlled that the rising edge of the second pul se beam
is synchronized with time (TS + (2 x T)) and the rising edge of the third
pul se beamis synchronized with tinme (TS + (4 x T)), while the rising edge

of Lhe fnkibepukarhboat lval (FeiYiadahe bogligbvelqpopal | er than 2 and nol

greater. than (m - i s synchronized with tinme ( S + {(n2 1) x 2 x T}).

If, on the ot k. |l e r.lon equal
to odd nunbe@ﬁﬁpmgto? %‘&“%ﬁ‘ﬁ{]%gﬁa (o] OP@%%B E@S eﬁ?n a]fehcé)%ﬁml%g&n of

- pulse beamis so controlled that the risi n%ﬁd e of the second pul se beam
i s synctheding wddthidunngiwhicli fte drive(sigmy isthald tiareowidtle dviling whichdhe of
the third. pulse beamis synchronized with tine (TS + (T/2) + (4 xT)),
while thglse bézh:ﬁ@s R&la %o Ee pak I@?el?}ﬂnd’tﬂ thé'Asigiedge BP tHeirR@Signall Ot
smal | er” t han and not greater t is synchronized with tinme (TS +
(T/2) + 2- 1€5x2xT ot her vvords |f the recording mark length is 6T
or Iong‘gb{!’éﬂﬁl@ ?&Fr&%‘ Q/ﬁ nunber tines of the channel clock, the optical
di sc recording/reproduction. apparatus 10 nakes the internediate pul se
beam or each More bpecificadiyntiei optieabdiss ecdoeding/tepraduction dpparatus 1@ eonteals a

timng synchronl zed with the phase of the channel clock. If, on the other

hand, t ﬂ%ﬁrﬂ% @géé% | oftige pasgher
~tinmes o the hanne léd%ee e%@ﬁgﬁldgﬂg%ﬁ?%%&éﬁwr epro@gc%l on

apparatus 10 make 6, 1 Decenber 2006 internmedi ate pul se beam or each
of the W@Pﬂ%@@é?‘@“ﬁ&eé el¥s start to be emitted at a timi ng del ayed by
1/2 cycle relative to the phase of the channel cl ock.

Assume that a pulse beam is emitted for m times (m being a natural number not

smaller than 1) for forming a recording mark having a certain length and that the timing

of the rising edge of the 1-7PP modulated signal that corresponds to the recording mark

is found at time TS. Note that the time TS comes at a timing that is synchronized with
 the channel clock.

The position of the leading pulse beam (rising edge) is controlled by means of
the delay time from the time TS.

The position of the tail end pulse beam (m-th pulse beam) is controlled by means
of the delay time from time (TS + {(m — 1) x 2 x T}). No tail end pulse beam exists in
the case of a 2T mark and a 3T mark becausem = 1.

In the case of a 6T or longer recording mark, one or more than one intermediate
pulse beams other than the leading pulse beam and the tail end pulse beam will exist.

For a 6T or longer recording mark, the position of the intermediate pulse beam or each of
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Wth this control technique, the pul se beamirradi ation1!d1ter¥§rl f.or

formng a single recording mark are held uniform Addi ti-GiTE" e

em ssion control circuit can be made to show a sinple configuration
_because the internediate pul se beam or each of the internedi ate pul se
beans start to be emtted either at a timng synchronized with the phase

of the ghanRehedihfChulsd bédma(thé tiigg o€ tiRednS¥ddd)3s eyntrsllgdehal muendrast he

phase of the channel clock. Additionally, the optical disc :

recor di [ i on apparatus 10 separately controls the timng of the
end of a%&ngg%ﬁgﬁg& period that cones after the tail end pul se beam More

specifically, if the tinmng of the rising edge of the 1-7PP nodul ated
signal that Edhe moprding makdength &c6F or hopgenardiegualdoaven aumbes tmss afhe
timng of the end of the <cooling period that cones after the tail end

pul se begralisfnogibtRicked d1y diediebaision st phlkoBehia® b cdifolled thatethept | cal

di sc recordi ng/ reproducti on apparatus 10, e pattern nenory section 43

stores t.he tim ng ,of the.risi edge of, the l.eadi n vt of, k he

71 o ng oG edgk OF HEF scePnd e et SyRchiaRizen st BB F QL Iiebng
the cooling time after the tail end Ell:ﬂ se as pulse pattern information for
al | contisingteidge of die thire mdscobaiionis sywackrdnézegh we tﬁﬂﬁ”(ﬁ&ﬁdﬁgﬁ'f@){)whﬂm@espace

I'engths i medi ately before a recording mark and the space |engths

e 2 B B e B L R el

are 2 I's possible to accurately
opti cal SRS TN (Pt 15 B BreBBed BARS (1ot SR T Ab* 200 ok ance for the.
posi tional displacenent of the pul se beamand errors of the length of the
If, on the other hand, the recording mark length is 6T or longer and equal to odd
- number times of the channel clock (e.g., 7T, 9T), the emission Qf .pulse beam is so
controlled that the rising edge of the second pulse beam is synchronized with time (TS +
(T/2) + (2 x T)) and the rising edge of the third pulse beam is synchronized with time
(TS +(T/2)+ (4 x T)), while the ﬁsing edge of the n2-th pulse beam (n2 being an integer
not smaller than 2 and not greater than (m — 1) is synchronized with time (TS + (T/2) +
{@2-1)x2xT).
In other words, if the recording mark length is 6T or longer and equal to even
number times of the chahnel clock, the optical disc recording/reproduction. apparatus | 10
-makes the intermediate pulse beam or eaéh of the intermediate pulse beams start to be
emitted at a timing synchronized with the phase of the channel clock. If, on the other
hand, the recording mark length is 6T or longer and equal to odd number times of the

channel clock, the optical disc recording/reproduction apparatus 10 makes the

26




pul se beam and reduce the recording power |evel of the I1 er ge%GSpecifi C
exanples of the paranmeters stored in the pattern nenory ' s&CETOR i ncl ude
the delay tinme of the |eading pulse (dTtop9T), the ONtinme period of the

| eading pulse (Ttop9T), the delay tinme of the internediate pul se(s)
(dTnp9T), the ONtinme period of the internedi ate pul se(s) (Tnp9T), the

del ay t imermédibteeuisei Beaanor gachsf the p@Mediate palseetimeBtapictol derafitetilat at ai |
“end pul se (T1p9T) and the cooling tinme after the tail end pulse (dTe9T),

all of \(xm?f{-ﬁ K %Rﬂiﬁ | : 1 MH e BD (Blu-ray Disc)
- system 't eggﬁgﬁﬁgpyég K ﬁgﬁﬁgﬁ@e@%?#ﬁ‘g& o%glotcg'qual to 66 MHz for
t he standard cording rate., This rate caqrresponds . to the data_ transfer
rate of about Y tap sontrel feehrigng, |ﬂ§~§ plse heams graciation; inferyala dom feming fev ed

when a bl ue-violet sem conductor laser (GaN) is driven as |ight source are
li m t edsingledreotdidg Atk atdlesldfaifermwi Alditishatlyathe ahesdies eotirslcifoutttsant he

time length that corresponds to ITis about 15.2 ns so that it is possible

cor  eapSaddie Al a Sl SRR hotafhd Tl puis gt G 6 of .
(2 x) recording, the channel clock frequency is as high as 132 Mdz so that
t he ti nihe atgymediateapulse beaapetad do be emnaed gltéamma tgniggsynelmanized sdthatheni gh

speed drive circuit is required. Furthernore, for quadruple rate (4 Xx)

recor di pHasetdfehe thdfiel €66k br AAImERY ddsRA s lﬂZQ:yEIe%gigﬁv@ RPHe phale 8Ftheo t hat

- it is practically not possible to 28 I DecCenbei 20 emt a pulse beam-
wth a t4 ] of T/2. Therefore, the optical disc _

recor di hﬁ%ﬁ?@%@cu on apparatus 10 is effective to realize a high
transfer rate recording that is double to quadruple relative to the

standard recAdditiogallyt e ofpticak disci teeowting/rapypducbipni applaratins d 01 sepatatelgd f or
the BD (Blu-ray Disc) '

controls the timing of the end of the cooling period that comes after the tail end pulse

beam.

More specifically, if the timing of the rising edge of the 1-7PP modulated signal
that corresponds to the recording mark is equallto time Te, the tlmlng of the end of the
cooling period that comes after the tail end pulse beam is controlled by the delay time |
from time T.
| (4) In the optical disc recording/reproduction apparatus 10, the pattern memory
section 43 stores the timing of the rising edge of the leading pulse, that of the rising edge
of the tail end pulse, the ON time period of each pulse and the cooling fime after the tail
end pulse as pulse'pattem information for all combinations of the recording mark lengths
(2T through 9T), the space lengths immediately before a recording mark and the space

lengths immediately after a recording mark in a state where the related parameters are
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system Mre specifically, it is effective when it is a led to cordin
‘with a channel clock cycle T of less than 10 ns. Addit?gjr?&fa'lnwr%gbgh t he %D
system a capacity of 25 GBis realized for an optical disc having a

di aneter of 120 mm by using a | aser beam source of a wavel ength of 405 inn
and an objective lens wth a nunerical aperture of 0.85. Wth the

speci f i Iggma%as oAfherdfhi, BDisS PoisH th hesclihaly NoobroR (RO ¥ab &R lbf Rigs fscdidlbg Mer K

that corresponds to 1T on t recording nediumis as Snmall as about 75 nm
Therefore

, di s¢ of, the, BD systemi.s..apt .to.pe i.nfluen by the history
o heat ks Tafud of the it SREL SR Dolicailie 1or Hhiy 1 5OSHAHG IR GBE cedi ng
recording marks if conpared with discs of conventional systens such as CDs
and DVDslerrcettbethetpositionalndisplatemerntaf ¢ad pulss beam end edorsypirtbe lengticef the
apparatus 10 controls the pul se beamso as to flexibly change the pul se

beam e:ﬁa@w@&%{.@w@g&g%ﬁ&g@ H@ﬁo?ﬁf&%&r LEen two consecutive

recordi‘ng mar Ition in the case of a wite-once type

recordi ng medjum,_ that contains an organic ¢aloyring material as pringipal

i ngredi ent, ?épepaﬁcp@s%mﬁ%o dhe paramst I%f/orﬁaim&f’ ﬁﬁ‘fﬂrm‘i’%’rffﬁ@c‘%@sf@i ons
of irradiated pulse if conpared with a rewitable recording nedi umfornmed
by usi nigckidptiasdelahtingafithe teadirpopulss @Ttah9 Bl tHeHAN time pesiogof diddeading
optimally control the position of the front edge, that of the tail end edge

14A and B LA8 b HERIRE AR Of MEimbod e D (ENfipd P, tho (N 15
el e BT CEubas 055 SSr Tl e oA o
as principal ingredient in the optical disc recording/reproduction
appar attie O tne pehied bt il eRdrmilsd (Mp9TPand the cooling time after the tail end
pulse (dTe9T), all of which are expressed as numerical values.
With the BD (Blu-ray Disc) system, the channel clock frequency is defined to be
equal to 66 MHz for the standard recording rate. This rate corresponds to the data
- transfer rate of about 36 Mbps. Additionally, the rates (tr, tf) that are achieved when a
‘blue-violet senﬁcbnductor laser (GaN) is driven as light source are limited to about 2 ns.
Therefore, with the standard recording rate, the time length that corresponds to 1T is
about 15.2 ns so that it is possible to continuously emit a pulse beaﬁ with é,time width of
T/2 (which corresponds to 7.6 ns) to form a recording mark.
* However, for double rate (2 x) recording, the channel clock ﬁ'equency is as high
' as 132 MHz so that the time length that corresponds to T/2 is abouf 3.8 ns and hence a
high speed drive circuit is required.  Furthermore, for quadruple rate (4 x) recording, the

time Jength that corresponds to T/2 is about 1.9 ns so that it is practically not possible to
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- di spl acenent of pulse beamof the (n - 1) tinmes pulse irradiatio chene,
which is the conventional pulse irradiation schene. FI é@%&"}t"?gﬁ? ph
showing the jitters of a reproduced signal observed after recording a
signal, while uniformy changing the pulse width of the internmedi ate pul se
or each of the internmedi ate pul ses and that of the tail end pulse in *

di r ect i enst 4 pulse berm vathd tmmewidthuef T/2. the (n -1) tinmes pul se irradiation
schene (by nunerically expressing the statistic values (a) of the mark

edge posi ti onyhaefsthSeasfmN Hicih Sﬁ%’dﬁéﬂ?ﬁg@%gﬁaraﬁisoﬁns %ﬁbtitvggom her

hand, FIG 14B is a graph show ng the ré&s vation obtal ned when

conducting a si.m |l ar recordinglreprodugi operation, usjng the n/2 tines
Pul s | Felar 0HER URBYE Gih PRGBS ARale b atries e to the sendard
recordi ng/ reproduction apparatus 10 of this enbodinent. As clearly seen
fr om Fl @codding mate FdfGhé Aftitetdnee apps opficalidise 1 rdefinediiforgthe BDqBlo-ray Disc)
apparatus 10 of this enbodi nent can realize a broader tolerance if

conpare .4 ' _ . 1,1 h: -/ L, 8S
pul o 1 Fyiehy, Mite SREARRIILER UMt i BpTRito bbdriny iR aShihlle
sel ect peak p (Pw) level for recording that is lower 30 1 Decenber
2006 tEkﬁﬁﬁﬂéegggﬁeﬁgﬁ%%lgé%el of the conventional (n-1) tines pul se
irradiation schenme. In other words, the recording nethod of the present

i nvention is Aflfiohal withiheddBD kiygom, apapacityecD? 3 GR)isceiiicti fonan bptal
require a high output power |evel for the sem conductor | aser. ile the

leca w SRCHERROIRARR R 126 R 8 (R RGP HRER GRS S AR ST 408 P

conpatibility with a . i : ] _
nm and an objective lens with a numerical aperture of 0.85. With the specifications of -

the BD system, the lengﬂlr of a physical recording mark that corresponds to 1T on the
recording medium is as small as about 75 nm. Thereforg, a disc of the BD system is apt
to be inﬂueﬁced by the history of heat irradiation that takes place' when forming
preceding and succeeding recording marks if compared with discs of conventional
systems such as CDs and DVDs. On the other hand, the optical disc
recording/reproduction apparatus 10 controls the pulse beam so as to flexibly change the
pulse beam emission spot depending on the space length betwe_en two consecutive
recording marks.  Still additionally, in the case of a write-once tyine recording medium
that contains an organic Acoloring material as principal ingredient, it is possible to
temporally uniformly arrange the positions of irradiated pulse if compared with a
rewritable recording medium formed by using a phase change recording material so that

it is possible to optimally control the position of the front edge, that of the tail end edge
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BD (Blu-ray Disc) and contains an organic coloring material a L. nci pal
i ngﬁedi entyi n t%]e above descri bed e?vbodi ment , thg presér@)cﬁﬁs’g%é(%n !Os by
no nmeans limted thereto and may al so be applicable to recordi ng devices
of other types that use a blue-violet sen conductor |aser as |ight source
as well as to optical information recording devices that use a red

sem COonghithe fviiAsE thOfecaRiihd hiafk &5bé faFhednduct or [ aser as |ight source.
. The present invention is alSo applicable to wite-once type recording

medi uns whos rdil a cont.ains. a. L. material;as principal
i ngredi ent . Mﬁ%&ﬁﬂ]gl&lﬂ% &%F@%a%p@&&?%a‘?f;{hfsgﬂh CEOrgﬁﬁg%i? di ng
to the invention is applicable not only to wite-once type recording.
medi unsdibpiacehent afpuisevreamawhen dywae spesst congingsidiappked 1o a writkepneedypeal i ze
an excel l ent recordi ng/ reproduction performance under high transfer rate
condi ti ; idrh cbitaRRSs bR lofodific | 3 t I}ﬁh@ iddEdidhSiial s ement
of . pul s@eﬁrgggﬁﬁ%ﬁl ercP%rs I%h{?ﬁgg @%S?ﬁh%g%?%gﬁ%lﬁ% e bg%%i olrder to all ow
“the recordi pg,power | eve] of . the | aser be to pe, redyced. 31.1. Degcenber
D006 R B Reeorhgrenpduione capaas di i {ibe iplsmnie, BIAEy Bars on
a wite-once type information recording nmedium having a recording material
t hat gidigslacérmenttof mise beanevéils bl € 19hangepalse irmlidticphtchemie] edii¢ng the
condition thereof when irradiated with light of not less than a

pr edet eg:lﬂ" ,Qﬁﬁi'% Iiﬁ%(fﬁ . I ng a continuous row of recording marks,
whi ch are par @ﬂ%ﬁze l(;i:mf}ly%c%ltgfniré‘éfIecti ng condi ti on has changed, and
spaces, which are parts re.the light reflectipg conditign ha ot
changed, the Ig&ildd 1% i %ﬂgéhﬁﬂ%tﬂ‘%tf’%éhr%@i{}c@a %@?jtcg’ﬂeﬁvgag?gﬁérate
the binary data to be witten onto the : '

recording a signal, while uniformly changing the pulse width of the intermediate pulse or

each of the intermediate pulses and that of the tail end pulse in % directions from the

optimum value in the (n ~ 1) times pulse irradiation scheme (by numerically expressing

the statistic values (o) of the mark edge positions as displacements from the synchronous

clock). On the other hand, ‘FIGc 14B is a graph showing the result of observation

- obtained when conducting a similar recording/reproducing operation, using the n/2 times

puise irradiation recording method of the optical disc recording/reproduction apparatus

10 of this embodiment.

As clearly seen from FIG 14A and FIG 14B, the optical disc

* recording/reproduction apparatus 10 of this embbdjlnent can realize a broader tolerance
if compared with the conventional system.

| - Furthermore, with the n/2 times pulse irradiation recording method of this

embodiment, it is possible to select a peak power (Pw) level for recording that is lower
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wite-once type information recordi ng nmedi um by nodul ati t he i t
information; a laser wite section adapted to irradiate1§%13g§Fr%§§n1onto
the wite-once type information recording nedium noving the position of
the | aser beamirradiation spot relative to the wite-once type
information recording nedium and a control section adapted to control the
l'aser Whirh ¢h ipoRveRdsel af the coavédinabimat ytigias puise dhrddistiomghamepwitf
recordi ng marks and spaces corresponding to the code string of the binary

data, t tion seetio [fy! il h&IEHyl:"l ock
cycle o‘wg%ﬁ?ﬁi&%);ec&i@égi@e@ﬁdi (?f %‘%d@% g@%%ﬁ@ﬁhﬁu{ﬁ%ﬁﬁ%&m [ or?1 @Jﬁch
that the shortest identical code_ length of the binary data is not |ess

t han 2 spe¥d redoedivg wonditions Bt sequirsi angizh otz poaver dewel Torathe semicandBeer 2006
when formng a recording mark having a length of nl x T (nl being an

i ntegerjgegot smaller than 2), a pulse beamis irradiated onto the
write-once type information recording nediumfor nl/2 tinmes (decinmals, if
any, being t rounded down). and, en. formng.a,re i: ing a
engt b of not WalE e PrFRl R HatioBT appics & Ageunt seARBENR AR SuIRY e
than 6), a pulse beamis irradiated onto the wite-once type infqrnation

~ r ecor di guseddivithmaf writendice typeroptical iscal that hes repredurtioncompatibdisy vatng
synchroni zed with the phase of the channel clock except the |eading pul se
beam a i Dis§MhdPHriSind 88 Brothe cEREing MISRriALAI Hfciall BeRiditngdn Tar k
havi ng_rﬂ;]jl ngtrﬁfoflsﬁot smal [ er tha% n3 x T gnS bel é\sgban gdd %ﬂgnber not
smal l er ,than 6), a.pyls amis irradiated onto,the wite-o0 type '
I or el GoYS iR HRAGIRFL fhg RESSER Tyt 8O Hhcan IEREY e edi at o

pul se

and may also be applicable to recording devices of other types that use a blue-violet
semiconductor laser as light source as well as to optical ‘infomiation recording devices
that use a red semiconductor laser or an infrared semiconductor laser as light source.
| The present invention is also applicable to write-once type recording mediums whose
recording layer contains a metal material as principal ingredient. Additionally, a
| recording pulse irradiation method according to the invention is applicable not only to
write—oﬁce type recording mediums but also to rewritable typé recording mediums in
order to realize an excellent recording/reproduction performance under high transfer rate

conditions. Then, it is possible to improve the tolerance for displacement of pulse beam

and errors in the length of the pulse beam in order to allow the recording power level of

the las_er beax_n to be reduced.
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beans del ayed fromthe phase of the channel clock by T/ xcept | eadi ng
pul se beam and the tail end pul se beam 2. A device acéoﬁ?ﬁeﬁﬁef%&g aiml,
wherein the control section changes the em ssion tinme of the pul se beam
the cooling time after the em ssion, the position of the |eading pulse
beam and that of the tail end pul se Pq_?gim.a function of the length of the
space imediately before and that o € 'Space i nmedi ately after any
recording mark. 3. A device according to claiml or 2, wherein the

nodul ati on section  generates an NRZI signal that is encoded by the 1-7PP
nodul ati on nethod. 4. A device according to claiml1, 2 or 3, wherein the

channel - cf ock Gygliefofmafion rhriihalcyidaloR i e et talh aswiBorkegpenber

2006 5. A device according to any one of clains to 4, wherein the lTaser
beam em.tted f.oromthe,.l aser wite sectign has a_wavele h.not .l onger_t han
a5 ran. BIOTRPR T eRling, it daEEa, Fea I De WA GTE R B3 490 a
write-once type information recording nedium having a recording material

t hat gi vageresible change torthe lightsiefleetingheomylkition thenenf] wiggnt irradidtet withdight of

condition thereof when irradiated with light of not less than a

P oh o QR SeksPaMRs bRYElerbcT A0IcRITDY T oMot SR/ of RordBE S
oo, RSB PO RSt SRR TR SLASES B0 e
onto the wite-once type information recording nmedi um by nodul ating the

i nput i nfwhicht arenpars dvliiare atic alightgrediettise rcdndaiono he nidiechanped- thec devigpe

| i nformation recordi ng nmedi um

 comprising:

a modulation section adapted to generate the binary data to be written onto the
write-once type information recording medium by modulating the input information;

a laser write section adapted to irradiate a laser beam onto the write-once type
information recording medium, moving the position of the laser beam irradiation spot
relative to the write-once type information recording medium; and

a control section adapted to control the laser write section according to the
binary data and forming a row of recording marks and spaces corresponding to the code
stting of the binary data; |

| the modulation section being so adapted that, if the channel clock cycle of the
| binary data is T, it r_nodulateslﬂle input information such thqt the shortest identical code
length of the binary data is not less than 2 x T;

the control section being so adapted that
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nmovi ng the position of the |aser beamirradiati on spot rﬂati e #(gothe
write-once type information recording nedium to form 4 4% er £ & di ng
mar ks and spaces corresponding to the code string of the binary data; the
i nformati on recordi ng net hod being so adapted that, if the channel cl ock

or mat i on r ec hod bei ng so : at, if |
Chat “the short eor ] donng,f ogyihy ERAIA R | RAehierhl bol ST Bk #ider oy

2 x T, and that en rmn recordin rk having.,a length of nl x T
(nl bei ngnafm spaflen dhan %gta FH&f | Fﬁaﬁfﬂzﬁ@‘fgg PBile dee pEHmanse lypadnireationt o
the wite-once type information 34 1 Decenber 2006 recording nediumfor

nl /2 ti mesecpddiopmaddiumi for abs2 tiches (decibelyef a0y beiag 6 Bunduriied dovigantior m ng a
recording mark having a length of not smaller than n2 x T (n2 being an
even nunber not sngl : n | eam i sS4l rradi at nto th

Wite once typd RioRhine Pl uit Wi FERY Mol Wpth AT e

i ntermedi ate pul se beams synchronized with the phase of "the channel clock
except t hgellﬂge?@i gYgnpuker pehsmalier thao), tiapulsebehnpid adistethonioltbe satte-oncahen
formng.a recording mark having a length of not smaller than n3 x T (n3

ol ‘ . 09 R :
eing an fge infrhelion ¢ecoramb!BEdibeRr 82/ fnRihith %%@%%gh%%féﬁ]?%%@ th

the wite-once type infornmation recording nedi um
all the i ' . se, be | ayed. from t he ase of the channe
ol ock by BERERHRt Sifh? Beet i e P KT el ipentind Fapfhecinb e rdn ddie 7.
A nmet hod according to claim®6, further conprising _
' tail end pulse beam, whereas, :

when forming a recording mark having a length of not smaller than n3 x T (03
being an odd number not smaller than 6), a pulse beam is irradiated onto the write-once
type information recording medium for (n3 — 1)/2 times with all the irltennédiate pulse
beams delayed from the phase of the channel clock by T/2 except the leadiﬁg pulse beam
and the tail end pulse beam.

2. A device according to claim 1, wherein the control section changes the emission
_ﬁme of the pulse beam, the cooling time after the emission, the position of the leading
pulse beam and that of the tail end pulse beam as a function of the length of the space
immediately before and that of the space immediately after any recording mark.

| 3. A device according to claim 1 or 2, wherein the modulation section
generates an NRZI signal that is encoded by the 1-7PP modulation rﬁethod.
4. A device according to claim 1, 2 or 3, wherein the channel clock cycle T of

“the binary data is less than 10 ns.
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a step of changing the em ssion tine of the pul se beam ég%gﬁ)oli tinme
~after the emission, the position of the |eading pul se J&REHIVE ¢ of the
tail end pulse beamas a function of the length of the space inmediately
before and that of the space inmediately after any recording mark. 8. A

met hod acgor di RaddvAcé laat&dBn to /anyMdREeHN cRAMNRE oS4, 90Rkerdifathel Risen boged
- by the 1-7PP nodul ation nethod is ‘generated in the nodul ation step. 9. A

met hod according to.claim®6, 7 or. 8, wherein,the channel | oc cle T of
the bi nar§ pa thedasqrisrite gpckion has a Waye ae@@m%@%@iiﬁﬂbne of
claine 6 to 9, wherein the |aser beam entted fromthe |aser wite section

has a wavel engtAn inforrhatingerecotiing 41&hodfor3Griting MEGRVEEEDh REGERONING tHEY| CE
AND | NFORVATI ON RECORDI NG METHOD ABSTRACT OF THE DI SCLOSURE An optinmum -

A L T o,

nmedi unms on ion 1S rec nmeans o -VI O

- sem conduct or laser. An tj.cal dis¢ recoydi ng/reprqduction apparatus 10
conpri seéﬂﬁﬁersﬁl?% é’b’iﬂg%@ %get%ki‘tdﬁ 9‘(‘7‘1‘%{5@1’% %le@@ﬁw@ @@@altqffﬁ[ﬁhdlghé af

power of a |aser when witing data. If the cycle of the channel clock is
T, when frnt fessgthan megredetenpingdrgovavicnd oy foeiias i edntihusud r6w Seidrerding

‘integer not smaller than 2), a pulse beamis irradiated onto the

it o o . N . g . L 5
ny, ot AauKs FRich BTkl RRR ek PR SRt by Rk ST,
l ength of not snmaller than 6T and even nunber times of T, a pulse beamis
i rradi at BIEk rare/ parts; whsranihe light reflecting condition has not changed, the method

- comprising:
generating the binary data to be written onto the write-once type information
recording h:iedium by modulating the input information; and
itradiating a laser beam onto the write-once type information recording medium,
moving the position of the laser beam irradiation spot relative to the write-once type
.infonnation recording medium, to form a row of recording marks and spaces
corresponding to the code string of the binary data;
the information recording méthod being so adapted that,
if the channel clock cycle of the binary data is T, it modulates the inpuf information such
| that thg shortest identical code length of the binary data is not less than 2 x T
and that, -
when forming a recording mark having a length of nl x T (nl being an integer

not smaller than 2), a pulse beam is irradiated onto the write-once type imnformation
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I nt ermedi ate pul se beans synchroni zed with the phase of ta%%echan cl ock
except the |eading pulse beamand the tail end pul se bé W’g'h rmng a
recording mark having a length of not smaller than 6T and odd nunber tines
of T, a pulse beamis irradiated with all the internediate pul se beans

O 1oy i S oo e o o
when forming a recording mark having a length of not smaller than n2 x T (n2
being an even number not smaller than 6), a pulse beam is irradiated onto the write-once
type information recording medium for n2/2 times with all the intermediate pulse beams
synchronized with the phase of the channel clock except the leading pulse beam and the
tail end pulse beam, whereas, |
| when forming a recording mark having a length of not smaller than n3 x T (n3
being an odd number not smaller than 6), a pulse beam is irradiated onto the write-once
- type information récording. medium for (n3 ~ 1)/2 times with all the intermediate pulse
beams delayed from the phase of the channel clock by T/2 except the leading pulse beam
and the tail end pulse beam.
7. A method according to claim 6, further comprising
a step of changiﬁg the emission time of the pulse beam, the cooling time after the
emission, the position of the leading pulse beam and that of the tajl. end pulse beam as a
function of the length of the space immediately before and that of the space immediately |
after any recording mark.
8. A method according to claim 6 or 7, wherein an NRZI signal that is encoded
by the 1-7PP modulation method is generated in the modulation step.

9. A method according to claim 6, 7 or 8, wherein the channel clock cycle T of

the binary data is less than 10 ns.
10. A method according to any one of claims 6 to 9, wherein the laser beam

Emittf;d from the laser write section has a wavelength not longer than 415 nm.
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