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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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Field of the Invention
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 small 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




(Compact Disc (tradenane)) players and 0.6 to 0.65 in tq?%e%a%g Offf’, VD
(Digital Versatile Disc (tradename)) players. The nuneriR8MREeti%re of
the objective lens of recently devel oped BD 031lu-ray Disc (tradenane))
recordi ng/ reproduction devices that wuse a blue-violet sem conductor |aser
(wavel ength: 405 mm) is inproved to be as large as 0.85. Cenerally, two
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power n witing data. They are selectively
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nmet hods for controlling the power of irradiating a | aser beam This nethod
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organic coloring material. Wth this nethod, a pulse beamis irradi ated
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beamis irradiated once or for a plurality of times to forma recording
‘mark (JuB%e irradiation nethod) with the other control nethod for
controlling the power of irradiating a |laser beam This nethod is mainly

applied to reyeickall ewloy @efferenic ebairol niathbdsmard @rowided yfon stha gpuppdeaof
change recording material. For exanple, a pulse beamis irradiated for a

plurality. of.tines for a si-nghe.mar 1i wh t
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recor di n?/ reproduction device for CO-RW that, are recording, nedi unmg forned
by usi reglestipéiysesedndengadinge on dhe dynetalt thal receivings maiersl. | Ar aerabeay 18 2 1
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irradiated continuously to form a recording mark with 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




pul se beamfor n -1 times or n - 2 tines in order to forma r co(&i@ng mar k
with-a length of nx T as wite strategy, in other mr&?{ecsm%%#

defining a width of T/2 for the pulse beam (pulse irradiation system, is
-adopted. Note that an EFM (Ei ght-to-Fourteen Mdul ation) code is used as
nmodul ati on code for CD-RW and, in the above description, n represents an
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to be recorded. As shown in FIG 16, a wite strategy. of hr oni zi ng t he
timng fn&n a8 MaHe skrategy, o oder Feras\d mt%éegﬁ%r?ewﬁﬁ &€ ﬁﬁ@r&gﬁ in

recordi ng/ reproduction devices for CD-RW to sinplify the configuration of

t he pul s@nggpakatiadiation Cayistent)plis ddbpedg Nige tBginiuc BIMCc(Right-asléourteen
Additionally, a wite strategy of controlling the power of emtting a
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make it possible to record signals by overwiting by means of a single
beam Nezeprbsents an itegse ootismaller dbarodand inoh grestar dean 1 bwitls Rvepresants ©Rannel
clock for the basic recording rate (1 x 1) is as low as 4.32 MHz and that

the tingdienatibd GOHeeSRER YchahreP didtk) bR iebirtly Glgmy (EEM &idal) @ bel x T)
S abOlr]%Zngﬁs. If a vvri_t(etlc strategy)of defining awdth of T/Z for the
~pul se beam t8 be irradiated is adopted as described above, the tine length
of the 156P%E%eamto be irradiated is 115 ns. Then, an excellent |
recordi ng/ reproduction performance can be realized because this time |ength
is suffici ems shdvemin FKG 16he write stiafegy of synohyordringtthe:timing ofemission oft f )
(both tr and if being 3 1 December 2006 : | '

a pulse beam with the channel clock is adopted in recording/reproduction devices 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

overwriting by means of a smgle 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 width of T/2 for the pulse beam to be irradiated 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




normally 2 to 3 ns) of the waveformof a |laser beamemtted fro
sem conductor | aser. However, with the high speed recordi eg&g%&ﬁ%ﬁ tines)
that is specified by the high speed recording specifications for CD RM
and has been put to use in recent years, the channel clock is as high as
about 104 MHz and the tinme length corresponding to the channel clock cycle
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the tinme length of th ulse beamto be irragiated.is as shqrt, as about
5ns. Then, i tHYWCHHLS Witgﬁﬁ@ spgeql verordiagdate (4 imey) dhat 1§§ge;c1{igi S?ﬁtﬁe a

pul se beam for such a short tinme length. In view of this problem

accor ditigh tgeddrecdidity speeidati@sdivd UTYRIWe and heabéensut o usdCin fedénttyeats,
defines a high speed recording rate of 24 tinmes as high as the ordinary
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(n- 1)/2 times to forma recording mark with a_|ength of nfx (2T pul se
r ecor diohgnasileok cycle perdgst efi(24s< vniis abeut 14 ayyy If site strategy s ¢ hod is
di scl osed, inter alia, in Japanese Patent Application Laid-Open
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illustrates the 2T pul se recording systemin detail. Wth the 2T pul se
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shown in FIG 17C and odd mark (e.g., 9T) as shown in FIG 17D dependi ng on
t he puldsivedheisemishndinsor lnser te emitreapuylssbepma forsBElRshor dime lgpgibhown view FI G

17A, to each of which a certain degree of freedomis allowed in terns of
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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




W|dth when form ng recording marks. Wth the 2T pul se reh%rd Bgf tem for
I nstance, all the irradi ated pul ses are synchronized w p%é e of the
channel clock for even marks as shown in FIG 17C but, as shown in FIG 17D,
t he val ues of the position of irradiation, the duration of irradiation and
the cooling time after the pulse irradiation of the tail end pul se for odd

mar ks a5 gitchivhes fsitlih@kRerdih %Eﬂéﬂ&ose of. the tail end pulse for even narks.
e

This arrangenent IS deV| S to change the Iength of the recorded nark

under the co [ f sane,.nunber . of tl se itra i_on,
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and the. cooling tinme can be freely defined so as to synchronize it with
ot her rsyncdhirgd wethkthe phascef theahadnel gloekdfon evem magksras sfowrenoFHEAgC nmar k

| ength and edge position. Efforts have been paid in recent years to devel op
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t hereof so that they allow irreversible recording (wite-once recording).

To keepnaksearsi diffetdntiagtdy Goapreode of thei tall- emd gulgepdorr even dhadsredhiss,
efforts are also being paid to develop optinumwite strategies to be used
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mark, a single irradiated pulse and the. cooling time can be freely defined so as to
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 (tratiename)) 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




intervals for the purpose of achieving an optinmum recording/repr ction
performance. Wil e each of the above cited patent docungr#%eﬂ'ggﬁfq%ges a

nmet hod of applying the 2T pul se recordi ng system the patent docunents are
limted to the use of reversible phase change recording materials for
recordi ng nmedi uns and, according to them pulse irradiation intervals are
not held uniformso that they nay not feasibly be able to find practical
applications. Wile the International Patent Application Laid-Open

Publ i cantenalsNor thaGaBAEGE HT hehicoigsasoptingimiré@rdipg/regrodedimndicnfrineihdeod, t he
proposed method is adapted to control the mark length mainly by the

irradi ated tahile 80 PILSSbAVE Ched %@tehhﬁbaﬁﬁerﬁ%‘ QebdrRb a method of applying
recordi ng/ reproduction performancé may not be achieved if the nethod is
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devi ce . and .an |nfor ion recordin t hod,,.adapted to show an opt| nmum
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informatigon is recorded typically by neans of a blue-violet sem conductor
| aser ifadiatiey intervals e Inpe }deumﬁwe s¢ itkatetliey praybheinteasibly b ablepectindf t he
present invention, there is provided an information recording device for
wr i t i ngrdsitical yampdications.a Whilte-theic Enteypeional OPaehi OAppRcaich nNigaide@perm
having a recording material that gives rise to an irreversible change to
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less than a 6 ---------- e enber
method is adapted to control the mark length mainly by the irradiated tail end pulse width

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




predet erm ned power |evel by form ng a continuous row oigr ecohdi gmer ks,
which are parts where the light reflecting condition h SEHY (are and
spaces, which are parts where the light reflecting condition has not
changed, the device conprising: a nodulation section adapted to generate
the binary data to be witten onto the wite-once type information

recordi | ' ' | HBg moffs. Whidleargect i on
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control section adapted to control the laser wite section according to

t he bi ntheylighit mflecting eonditign chasavetothangedy thendevies lcenmypmigingp s exodulation
corresponding to the code string of the binary data. In another aspect of

the i nvgng re i V] eg]-n@@,i qu%i % =10 [ .
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the | | ghforeatioasregng aedm) BnincliBe the @t intaaniesy apseR WITtG RECION not
| ess than a predeterm ned power |level by formng a continuous row of
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~the input information;. and irradiating a |aser beam onto { e wite-once
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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 changg‘ 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
reﬂebﬁng 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




corresponding to the code string of the binary data. Preferab A an
I nformati on recordi ng device and an information recordi ﬁé)%cﬁ@k’%%%dogccordi ng
to an enbodi nent of the invention, if the channel clock cycle of the
binary data is T, the input information is so nodul ated that the shortest
.identical code Ilength of the binary data is not less than 2 X T.

Pr ef er afdYespbhdia téﬂfe%ﬂ@’sﬁ'ﬁhgrdf%@liﬂhﬂgdﬁ&w ce and an information recording
met hod accgrdi ng to an enbodi ment of “the invention, recording marks are

formed by irradiati,ng.a pulse heamin .a nner a§ defined bel ow dependi ng
on the I ongt FIBrRREorm G e er P ARG cE: 2PAY itk ERTHE o
|l ength of n1 x T (nl being an integer not smaller than 2), a pulse beamis
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~type infor L on. recqrdi.n diymfo 2/2 times with all the internmedi ate
pul se H@Bﬁ@%ﬁg%ﬁaﬁ@dsapﬁsﬁﬁ@“%gs - of the channel clock except the

| eadi ng pul se beamand the tail end pulse beam Wen formng a recording

- mark havi ng Brefesably,ingh informehen resprdinghdeviesSand an {nd@mizgion geeondiog anethodber

not smaller than 6), a pulse beamis irradiated onto the wite-once type
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When forming a recording mark having a 1ef1gth of nl x T (nl being an integer
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




met hod according to an enbodi nent of the invention, the i ssion_time of
the pul se beam the cooling tinme after the enission, 35%?85]'“?[% Sof the

| eadi ng pul se beam and that of the tail end pul se beam are changed as a
function of the length of the space imediately before and that of the
space imedi ately after any recording mark. As describe above, an

i nformation recordi ng device and an information recordi ng nethod accordi ng
to an enbodi nrent of the invention are adapted to irradiate a pul se beam as
descr i hedheabevwrdingaof ametribodinént tdfethk engértiont thdemisdor dimrgofrirkpiilse be
formed. Wth this arrangenent, the pulse irradiation intervals are kept

uni f or wedrg] Bikiceling n Mdr ithe OMRSiohY BR PoRltRMBHthe RatifEOMA e fhdiRapavi ng
a recording material that gives rise to an irreversibl'e change to the
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recording/ reproduction, performance relative tpo a wite-once fype
infornﬂlg}?ﬂm Fh 8&’8??1@&’@8& © SRS 18 P'ieﬁ',aﬁﬁa&ﬁf‘?‘fﬂr‘émﬂé‘[‘qr n recording
device and an information recording nethod according to an enbodi nent of
the inventi &4, desrsibei wbaye.and iMermation i isaowsling  daviell andomnofinfarmpetiere beam
and the cooling tine after the irradiation of the pul se beam for formng
any r ecanonding methéd aceordingnpenh enbadifnent b dre ofvehtien hengiabtedf totinadmpace

i mredi ately before and that of the space inmmediately after the recording
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positions of the edges of each recording mark so that consequently the
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pul se beamis inproved to alfow the recordi ng power [ ev aser

beam tPo gewrglte-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 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




1 Decenber 2006 reduced. BRI EF DESCRI PTI ON OF THE DRAW:}BGS E'ltbG %0(]65 a
schemati ¢ bl ock di agram of an optical disc recording/ reB oGaePro

apparatus realized by applying the present invention; FIG2 is a schenmatic
illustration of the optical head of the apparatus of FIG1l, FIG 3 is a
schematic illustration of the 2-group objective lens that the optical head
of FIG Zechea@rises; FIG4 is a schematic illustration of signal detecting
i ght receiving elenents that can be used for the optical head of FIG 2;
"FIG5 is a schematic bl ock diagramof the LD control section of the
apparatus of FIG1l; FIG6 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; ﬁ]ﬁEFDESQEEM@EHﬂEmm a drive signal
that is applied to a sem conductor |aser when formng a recordi ng mark
with a | engt hFIt BTs aktkerfaticbeR | 6f hh lopBE&ladis® PecofdifiMEird@uctionnal
that is applied to a- sem conductor Taser when formng a recording nmark
with a | th of AT, FIG9.is.a schematic.illustration of a drive signal
that | RS A Eo4bY B g bR RSP BLbliden f orni ng a recor ding K
with a length of 5T, FIG 10 is a schematic illustration of a drive signal
that is appl i BHG.2ds a schamatichlustration afaldsoptical head of the apparatus of FIG 1;

FIG 3 is a schematic illustration of the 2-group objective lens that the optical
head of FIG. 2 comprises;
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 to a

10




sem conductor |aser when formng a recording mark with il 1% dﬂ{O FI G
11 is a schematic illustration of a drive signal that i &t ga

- semiconductor |aser when forming a recording mark with a Iength of 7T, FIG

12 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 8T, FIG

.1 s @nsishaliRtdrdadel Wheh fadiniap adbedrditig merksiviihalleripftabf 6F; applied to a
sem conductor |aser when formng a recordl ng mrk wth a Iength of 9T, FIG

14A and FI Gl II rl | g to
di spl acenent ﬁ@pﬁl isg g@iﬁ %fg @Séd&?‘i@@%??@@% Ied t%{
write-once ty recordin rredl um cont ai ni ng an organi ¢ _coloring materl al
as pri mnpamncfumé@aeenﬂlen%omg agpearding mpdewith s dengithef Y Bpr oduct i on

apparatus of FIG 1 and the tolerance relative to displacenent of pulse

beam of the (G 1) if 4 RhdMARS ilhishafbAt 40R §61RE anaMthah id Spblied to a
conventional pulse irradiation schene; FIG 15 is a schematic 1llustration

1 aal SePGOREsch Sion Toeinl el Rl n el 80T om0 w1

strategy for form'ngarecordln mark by irradiating a pul se beamfor one
or a plurali tBIGof13 iisres sclamiatiel Glusmation 6f & diee signas cthaids iapplied detz at i ons
of a wite strategy for formng a recording mark with a length of ( 2 x T)

by cont { o I | PTION OF THE
PREFERFQEBH%@E{%dﬂ}l'gﬂ%ﬂ??lRah &ce lé'ré fgggmﬁokv%ﬁ?he resgﬁ invention will be
described in P%Ge %t ir ar?cf LF?Gll4ﬁyarree§c errnlang xhustrahons of the tolerance relative 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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acconpanyi ng drawings that illustrate an optical disc

recordi ng/ reproduction apparatus realized by applying tchsmgg%%QOS
invention. FIGI is a schematic bl ock diagram of an optical disc
recordi ng/ reproduction apparatus 10 realized by applying the present
I nvention. The optical disc recording/reproduction apparatus 10 s a

recor di ng/ rem@ﬂuﬂﬁerﬁé‘smﬁﬁﬂ%ﬁﬁéﬂw%e%&ﬂﬁ@ ﬁiﬂ%éhtér dvthil By 9e¥e %@&h@pt i cal
disc 1 that has reproduction conpatibility with a BD (Bl ue- ray

(tradenane for recording/r uci n f.ormat |
bl ve. v Sicainegyingcianiesy teL FERCHE A is L 8% Crerrmelitoruliiy mitemns
wavel ength of 405 nm The wite-once type optical disc 1 has an information

r ecor di regliveytey appitping thoptes¢ntsnamtiongani ¢ col oring material. The

information recording layer gives rise to an irreversible change to the

1 ght ref | ectiypg 1cRNLHCARHNANEL WiAthaR difdrfBhiiet disd icboldiiiopritefion

wavel ength is nm an ose power” I's not wer t an a pred term ned

| evel More s ,c(ﬁ) when, such li.ght js irradiated with not |ess than
a pr edeﬂfé}aﬁﬁ%ﬁffé‘ﬁi@? Y anlying the pess ¥el®ori ng naterial is destroyed
and its reflectivity changed fromthe original |level. The wite-once type
optical di sc Thd eptivat disorebiondingeeprodudtivat apparatis B¥is sstectrdigirapesdiction he
light reflecting condition thereof to record information. Since the parts

rest or SHREARE 15 M 3508 @H.ﬁf&%ﬁéweoﬂéﬁégfﬁfiér%ﬁ%%%

record inforpation onIy I.rreyersi bl l'y onc 3 12 1 Iﬁce: er 2006 The
wri t e- oeaepatipliyoptific 8 BiPs dBluccyy | §Ct garme)) sty apoar CROEGBE N g
from - :

. information by means of a blue-violet semiconductor laser beam source (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).

12




the center toward the outer periphery of the disc. Infoqﬁtiog izzloéecorded
along the track. More specifically, as the | aser beami SePNRE d onto
the disc with its power [|evel under control and the |l aser spot on the disc
is noved at a constant |inear speed (or a constant angul ar speed) al ong
the track, a row of parts where the light reflecting condition has changed
by the irradi dheonriteforicasge dewal disth cwtied tetednhaspieal prack ekendingeflompower

| evel (recording marks) and parts where the original light reflecting

conditi ' ' [ 0 d < 1 r Il o the
put e R e S IREDRn R E I T AitoRich RifoER At
mar ks and t he spaces formed on the track. is detected and the recorded
i nf or matyagk (Marespeaifigaily psithe laspr bern dg ipdipted onde dhe diseawith dtsepgwared
with a power |evel |ower than the predeterm ned power |evel and the |aser

spot on lébud&Confron@btie Msenshdt A the ail isMosed hta Eeisest lihée shedhfor a
reflected by the track. (Overall Configuration) FIG 1l is a schematic bl ock

di agram e ti.cal dis ecor di ng/ reprodyction ,a r at W ng
the-overaronPRbl Seeeah el B5F TRy brRin bty iRl wtBRE THE il Fenpctig 0
recordi ng/ reproducti on apparatus 10 conprises a spindle nmotor 11 for

dri vi ng cenditipn hes diranged Py ¢haoisraditionif dasen beam wathonatdessdparoppiedatermingd 12
for irradiating a |l aser beam onto the wite-once type optical disc 1 and

det ect i pawePfevel Glabordild ARHEY ahﬂ?&%t& %ér@ftﬁeebni%lﬁal hegRdefiSating éonditlon Rdapt ed

to generate a reproduction signa romthe quantity of the “reflected Iight
as detected by,the optical. head 1 ervo error signals and sq.on.and a 13
2° peconbintagbd (GaRBh o Ftba o B BRCK Fofiiiie B 26 1 ety
control - operations. The optical ‘ ‘

: (binary signal). Thus, the row of the recording marks and the spaces formed on the

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




di sc recordi ng/reproduction apparatus 10 further conpri are uction
processing section 15 adapted to generate reproductionﬁggFgmBFP%R%igital

data string (binary signal) by carrying out operations of waveform
equal i zi ng and binarization processing on the reproduction signal output
fromthe head anplifier 13; a nodul ati on/ denodul ati on processing section

16 adapdegeb congal sactiontlJathbt pBRodrawdbad s@voronted spagtioper diwoptical t he
reproduction data output fromthe reproduction processing section 15 and a

!t or Pt R B AR A PBFLS 10 el ORuFLE i ehiote Bl b 85908 1P,

17 adapted to _control the operation of driving the |aser diode accgrdi ng
to t he sestionddadaptad o geamate yeprpdiction data pfa drtighdata string (binary signal) by

modul at i on/ denodul ati on processing section 16. FIG 2 is a schematic

i | T ust'r @iriyaie Aut tdiRraidik Cof! vdﬁ?é‘l@niazet%ﬂﬂizﬁigGaﬁditﬁnﬁiﬁaﬁbﬁr@bbessiﬂg bustheat i on

of the 2-group objective lens that the optical head 12 conprises. The

opti cal hea 2 has sem conduct orn | aser adapt e 4l

gener atrgpﬁp(ﬁ’gﬂi@? %@ﬂ%ﬁéﬁ’w 0%313? é’r‘?@‘? W%S?%a%ﬁh@agggﬂghﬁhgﬁﬁggt i ve
lens 22.° The flow rate of the drive current to the sem conductor, |aser 21
i's reguratessingsectien 86 adapted torcargy owspel-ZPP dametlulation proasssing opergtien PBn 17

in such a way that a wite strategy of irradiating a single pulse beam for

formn 1 f ' | Ing sectloni 19 afd at1-7BPa
-~ pul se %gg%é@??ﬁ%%}ggé@(dﬁw\%% tt:ﬁ?éil%]@g(ﬁﬁéno?%cﬁsgs ag ?ee.coPdi ng mark havi ng
~a length

1 0 oo b PR pERoR e b ARy Hlook B BRE Tk S 8 Pk g
the sem conductor laser 21 14 1 Decenber 2006 w | be described in
gr eat ertodgiardte teeorlingtistarand an LD control section 17 adapted to control the operation
of driving the laser diode according to the recordjné data (binary signal) ouiput 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 ‘




As shown in FIG 3, the 2-group objective |lens 22 includ a firs ens 23
arranged at the side of the wite-once type optical disiif? @b?é%@hd | ens
24 arranged in such a way that its optical axis agrees with the opti cal
axis of the lens 23, a lens holder 25 for holding the first lens 23 and
the second lens 24 and a bi axi al el ectromagnetic actuator 26 adapted to
suppor t wihbe desrgibhd irigreates detatl hawsimafier. both in the direction of the optical
axis and in a direction perpendicular to the track of the wite-once type
optical disc i ga I : | HSt; 3 he: second
| ens 24, mheﬁA%J?E?@ggfﬁg? %bﬁmﬁgg¥§¥i%§§%3h§?ﬁ%|%§H3%§@é?§'g%ﬁg?&%%?o;ss.
The | aser beamenmtted fromthe sem conducior lLaser 21 s converted.onto
the  wr REBISACE e HES Shthe Mrtigronge vp&somafp&%és P e anged i es of
the first lens 23 and the second lens 24. Since the 2-group objective |ens
22 has sudhi giwaythatits opticah peis tagrees waith e 8bticdl arisofthelgnd 23} aleps holdet &
objective lens is relatively small if conpared with conventional optical

pi ckups + ﬂ%el"ﬁ'@i ' : ar: he
tol er angd’e%m?%dﬂll%c “I'na ]?%%Q%?H%msecse?%&@g%gggﬁ&%%%é%ceg&ﬁcﬂng%@ég%%%m&hen
the nugerical  aperture is raised. The cover |ayer la of the wite-once
type opt® adpted supprg thfﬁiﬁ‘@éwegr% andymoue 8 hotl m therdirection ¢dthe epticat ur e
for the optical disc recording/reproduction apparatus 10 a tol erance to

i ncl i nagiigandfin di ditectibapeipgenditulzarto he frack bAtheowvrR/BhéeBRdstidabdisdayi ces.
As shown in FIG 2, the [aser beamemtted fromthe sem conductor |aser 21

i ougn e pgiq e TR} BB R RO s 23RN AR bl

grating 29 for generating a side spot to be used for
- “operate as a single lens, is equal to 0.85.

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
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conput ational |y processing track control error signals, ol ari I on beam
splitter 30, a liquid crystal elenent 31 and a 1/4 vvavél%ee%a?qﬁerpf@ge 32 for

converting a linearly polarized beaminto a circularly polarized beam

before it is converged onto the wite-once type optical disc 1 by the

~2-group objective lens 22. The | aser beamemtted fromthe sem conductor

| aser 2wavelepgtht plgter 28, 2 diffdction gtating A%afir zenemtingem sids spot toebe 8ed ford t hen

- led to an em ssion output detecting |ight receiving elenment 34 by a

~ conver gj ' O3-S g4 cti ' R enent
boSpulafitial BAprobRiTrad Ot bR sHRARCA pBlrizhiH hERS SHIRG0EL

34 ‘detects the in sity “of inci g ection out put

supplied tqg the LD,contr sectipon. 17 so that th utput of the.

sem con gﬂ%@ogyﬁﬁt &lemgant; 3 i F‘of)aeﬁ’ai/%e%ﬁgv@]étec ggs{%& nEonvemeg aylineady) p
control section 17. The intensity of light striking the em ssion out put
det ect i polatizehtbermc éntoi agcirailate rpol@redsbeagubeford ibys tdoavergbdrontanibe of
the 1/2 wavel ength plate 28. The liquid crystal elenent 31 has a

concent {j G -.al nd. i g 18 at ed

surface t atB ﬁﬁﬁgg ggpgﬁt(lﬁ%l{ 99g?u?%dgﬁ?@%agn&a%ﬁuﬁm%&%oorﬁc@n%gn for
‘the spherical aherration that is produced by the error_in the thickness of
t he covEPM ﬁlﬁeﬁe@%@nda@%qﬂﬂt@glé@aﬁbbmﬂ?@eﬂdﬁ e polamieation\hsam slittendBs are
- controlled by the servo control section 14. The beamreflected fromthe
- wri t e- omubthiened tipdn edissibirsoutbul dete@ihg light réciviag teledhént 3@dnsa bbii gt he

-2-group objective lens 22, the 1/4 wavelength plate 32 for  converiing a

161 Delhagr Jpbeutspyh PR Bl Yo e AE: 2P Re plenpis) ©

pol ari zatjon beamsplitter 30. Then, it _is .
of incident light. ~ Its 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




made to pass through a converging lens 35 and a nulti- 36bangoot6hen | ed
to alight receiving elenent 37 for signal detection, CRMPE’

phot oel ectric conversion elenent. In this enbodi nent, an astignati sm net hod
and a differential push-pull nmethod are used respectively as focusing
error signal detection nethod and tracking error signal detection nethod.
The | i ghtystabelementd] bfomeiitis Bflebted Isi dreglolatetation beamisplitier 0.eMHmn, ithat i s
di vided into eight photo detectors A through H as shown in FICA 4. The

f ocusi | R lot 3 :

conput at'1 oér’la(ﬁ)?ggdet eéh %@%@3@“? %?Hrr%é%lﬁgﬁo foré}?qg{gﬁl(%?%%ﬁ(}l%%)
shown bel ow on_ the %a s. of the outp hot o det ectors A through
H FE=(1&%e) gpent %}gplgn is R{PE'1 GP {res Ggversieg) € Igent-t he
formula (3) is a coefficient. Both reproductlon signal (RF) and sum signal

(SUM are thdnshin @ﬁbddiﬁeph@h@s@?h@t@m msethod hnd b diffentivl pusle-pallveethby
formula " (4) below Note that all the band conponents of the reproduction

Si onal S0k EPpeliiioht SERRE T Ml AR AR B PORRATRIR o gl

arithmetic operatigns _are perfqrpmed by the head anyllfler 13.  The servo
cont r ol defgssiontmethods  The light ipecivingtalernertebh o5 signal deledlipnds an glement that

signals. The servo control section 14 nornmalizes the focusing error signal

(FE) and divided int@6ichiphetd detec®raAdhrougkH Ayshigeanin KIG the sum signal (SUM

and generates a control 17 1 Decenber 2006 si gnal by operat| ng for gain

adj ustment - ang) Phase;ad 454Nt PERIC AP B! bA8nE 9RBL - signal (TE) erc

oomputationaﬂy detected respectively by means of formulas ) and (3) shown below on

the basis of the outputs of the photo detectors A through H. |
FE=(A+C)—(B+D) | O
=(A+D)-B+C)— k{(E F)+(G H)} .. (3)

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 abotre 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 ‘




Then It drives the biaxial electromagnetic actuator 26,ih the optical head
12. accordlng to the control signal and controls the 2- &FP E Ive | ens
22 for focusing control and tracking control. The servo control section 14
also controls the spindle notor 11 for revolutions, the sem conductor

| aser 21 for the purpose of stabilizing the output power |evel thereof and

the |'i quibfaiohy shahtigd d]ug@néxﬁena@mhg@éd jhaRni én tiey nededlizkd gignallhe

optical disc recordl ng/ reproducti on appar atus 10 having the above descri bed

_conflgu tiQ er nner s r bel

repr od uiﬁ?%ﬁpdalﬁ%sgﬁﬁﬁ aTF’%&‘ga q?élln %Bpﬁ%ﬁ!lb?%ii g‘f‘%’éd‘b%\mr of
the laser beamenitted fromthe sem conductor laser 21 is held to the

r epr oduthtei eomtiobignahand chutrelsrthe Zegronpatbjentiveiloms 22 fopfrdusingscondiol @ud ser vo
control operations necessary for the signal reproducing operation. The

reprodughi ﬂ%%bﬁﬁ‘@l' () septd EHﬁtrélréé@h&ﬂ‘M_?ﬁﬁP'c&%Ié teeEpindle! mofrAA! fopd 10

the reproduttion processing section 15. The reproductlon processi ng

section .15 carri out, ati on veform e .zation and
bi nar i ZEEVOBRIORS, e“’e%?ﬂ’gig‘ﬁ tl élgtjﬁlé. & REPOIHO tqélgb];h%mgetg SR PONET out put

the reproduced data string (binary S|gnal) recorded on the wite-once type

opt i cal ledebtherkof ainbtiddiqmid enysmbelentent31 frr theoptieal hepd 62 dat operatimnocessi ng
section 15 is input to the nodul ati on/ denpodul ati on processi ng sect ion 16.

Then, the Send d‘ﬁ%@ the
| nput data stri n@%(%féﬁ@%ﬁ@@ﬁ@é}oﬁﬁ igpg%e rmdu| at églr? rretﬁ 2 7
nodul ati on conformngtothe BD ad ej@ dqut uts the. dem)u

di gi t al CORfFBVRRON QNETAlEs KA BIANBRLAS eagﬂa@a w lapsigndhseangusti

signal recording, the recording information to be recorded on the
wri t e- ofgerding. - ‘

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.

18




type optical disc 1 is input froman external apparatus,to th

nodul at i on/ denodul ati on processing section 16. IC)‘ICI)'he mddl[g‘?cfgﬁ/e%%dul ation
processi ng section 16 nodul ates the input signal in a nmanner nmatching to

t he nodul ati on nethod (1-7PP nodul ation) conform ng to the BD Standards
and supplies the obtained wite data string (binary signal) to the LD

control sect ikor sighal fdverding the dedordimp infogmétiomar he sdogrded)on theiwmgetonce t he
I D control section 17 along with its channel clock and the sem conduct or

- laser ' e el l).e Sﬁﬁ? 'aﬂzﬂué | aglapt ed
to thez%Pg?gggéli dr%\glld;%\tq ?g‘}ﬁﬁ nrﬁélﬁeéélp%%se %ﬁt e wrﬂzl' P{ge%\g?ghg?%%%b?g%ﬂggy
signal). At this time, the ser control S section 14 perf.or vari.ous servo
cont r ol ProFRSSHIZ SREORAG- t erra%%ﬁ@w@é%%dlﬁmn PIPCESRNE §eiipR Hgﬁ@%d‘ﬂ?fﬁé
optical disc 1 is controlled (addressing control) so that the information

i's recedaputosighdlenv nidmen esatthing tonhé ealdutiition mettod: (1e7RP siddudationfat
shows -the ©predeterm ned address. (LD Control Section) Now, the internal

Gorai ! ifiiogito' dF B0 SPANA ARE NN fodoblRL RS [BF Hefed (L8R ),

i ncludes an NRZI __(Non Return-to-Zero Inverse), signal that is, encoded by
the 1- 7egnatbinihadld pontealissetiomhd t Hee viridedatp § inagy sigrsl) 43 Inpektofhet e
signal. The NRZI signal that is encoded by the 1-7PP nodul ation nethod is

S, S A e o s 1 T
ook i S GEORREd 280 dink Bithg bife sRaié8) bibted 18 WhePreddht it dffioft in
.fesponse 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.
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corresponds to the tine length of each part of the NRZI _signal, é,&g his
encoded by the 1-7PP nodul ation nethod (to be referred 1?%&§‘W95f 62 1-7PP

nodul at ed signal hereinafter), that is continuously held to HHGH and a
space having a length that corresponds to the time |length of each part of
the 1-7PP nodul ated signal that is continuously held to LON For this

pur pose, the Thergaht 1dD coatrdl suetidr 1Fofvnme! Hrdcbaling asek Haehy £ilkgsh dmtof t he
sem conductor |aser 21 in such a way that the sem conductor |aser 21

i rradia : I Ry -1- at ed
si gnal E@%§$O#§§§%%@ﬂ#@%ﬁ%@@Pﬁ%%%h&%ﬁgﬁgﬁﬁgﬂ§2%% uces 1é&8é%g§ggﬁqgk t he
|l aser beamto the bias |evel for each part of_ the input 1-77PP_npdul ated
si gnal {H3AP moddatiomavetbed (el e tefermedwio mimply iag &@Ehérmwacbls;gm@l

di agram of the LD control section 17, showing the internal configuration

t her eof hepdhafiBOyhatnisFténtiucubly hékdCRNHIGH St hospatd IROMY hSRpgth tlggor di ng
mar k/ space- detecting section 41, a pul se generating section 42, a pul se
pattern I tq.on. | agser_dri S 0N The. 1-7 .

roclut ot STTSPOAT B8 e e JrBHR o BRBCRat ot b Motliard] g, e i

mar k/ space detecting section 41. The recordi ng mark/space detecting section
41 det e@mrgmupudythqh% 0 EAFVh  dfor dhis ipurpase, ﬂngbconm sectieP] frsgntralseesi gnal
and that of each LOW part of the 1-7PP nodul ated signal on the basis of

- the ti N8 thnt &Risivastthe séhifdondidor R Miduehalwa #8t BreSehfiSoriditor
- -.recording mark |l ength and the space length for the “20 1 Decenber 2006

' e9PeCt oL AP HSel P bt S S o7 PRk g 2N

that is continuously held to HIGH and reduces the emission of the laser beam to the bias
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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mar ks and spaces are arranged alternately without fail, e rgc%@i ng mark
| engths and the space | engths that conputationally deté REEeF W ut put
alternately. The pul se generating section 42 receives the recording mark

| engt hs and the space |engths output fromthe recordi ng mark/ space
detecting section 41 along with the timng of the channel clock. Then, the
pul se gespecitvengarsec Sime the I-@RBsmodulatddesigndlsie a patarye signah find meddrdingt hat
corresponds to the recording mark | ength of each of the recording narks

and the d 5‘1@% U RISIR Fai | after
the recor |n€’rl W%E$§%e$n&ﬁ{%%gu se p%tl?tern rrg‘an%%{sg%%%?%% @?@%ﬁgglg%ggat es a
drive I gnal for,a _pul se beam defi.ned by . the pul se pattern information.
The pat ﬁ’@rsﬁa?ﬁe]ﬁﬁgtﬁs g%é??@ﬁuﬁ@og @%te%m@fi@erﬁlﬂﬁlﬂttiﬁ‘ie@t‘?w pul se groups

(pul se pattern information) that are generated when recording marks are
formed w th rEgapdlst @enatating asebiitmidlorseivts tike récoeding i markmiznjsthisengt e (2T

t hrough 9T), the space lengths imediately before a recording mark and the

| . . . H . )
bt or mehta, ngdi BB ik Bk rBlortireaiiade iRkl Ao RoRE R e
wite-once type optical disc 1 and read out and stored in the pattern

menory Hedng ehtheshappeltlecke wWhene thsnpalse gereraing sestioniddorepds eutibapulsg i n

~ the optical disc recording/reproduction apparatus 10. The pul se generating

sect i onpgtierg eiffratadion athet icoere§suids olo thedRédordip tlagk legsthconenet &f thaser 21
SO0 as to produce an em ssion pattern indicated in the pulse pattern

' ve RS s b WD sBloe J3AES b Pl 5 had L ooy BeRREER 51 <
as to eanilcér t‘r?e ?eecgrrgh?é rr?aiﬂ? Sﬁ'olror(l) \Aﬂw.%rpﬁ;e Ig;tteeng imrgnrl](?ryos];ction 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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controlled for its drive power |evel by three val ues i

| evel (Pw) that is for recording power for formng a recording mark, a
bias | evel (Pb) and a cooling level (Pc). Thus, the pulse generating
section 42 outputs a signal Pw that indicates the peak |evel (Pw), a signal
Pb t hasighaldioe 8ieaentibendoicts lheey 21 s6BbYo amét absing 0ébidepoieatt ihedinuapes t he
cooling level (Pc) in order to express the generated signal pattern. The

three skgnals _( P - puL fr . i ian:.42 are
nput ¢ SRS pisplbe. o tn B caRbbditon, BT chfeoRL Oy #0PIE 1 Pk AR ¢
swtching circuit 51 for selecting one of the three |l evels (peak |evel,

bi as | edEve pewen kel hyethege valess inpladingaypeaktleveldPw) Akatds feteeardingmoser t hat
is made to flow to the sem conductor |aser 21 according to the above
descri bfig foihe aseditding rmb, aBias 16l (P arkl £6ddling levsI(PEX  abik,the palsecui t

52 for controlling the electric current flow rate at each of the three .

| evel s eak: | evel. j I i ng. level n Ayt L Power
cont r ol $EER ¥ ton 5 DR K slennE PR AP R pE P Ryl it SREBLES oy
flow ng to the sem conductor |aser 21 according to the feedback signal for
st abi | i thahindigatesctbathiast levelg(Poh end assignal Rethabindieatesf the woekieg tayel (Pc) dont r ol
section 14. The |l aser drive section 44 having the above descri bed

conf i gusRlet R exprdss BPRiRettPsidhalMattbRe sem conductor laser 21 with the-
electric current flowrate coOrresponding to the pulse pattern generated by

t he pul se gengraling .sectiqn as_to. haye the sem conduct.or J.aser 21
e ates a ThElro R (P8 PAPE) Sitebdfomr i ilf, A ARRHERSh 42358
R 1 Decenber 2006 :

input to the laser drive section 44. The laser drive section 44 has a switching circuit 51

formng a space.' In this enbodi ment, the sem conductor | aser 21 j
Adrsame 4Bea

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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(Wite Strategy) Now, the method of controlling the power_of irradjiating a
| aser beamfor a data wite operation (wite strategy) Wd9PMBE" cri bed
in greater detail below FIGS. 6 through 12 schematically illustrate channel
cl ocks, 1-7PP nodulated signals (2T through 9T) and drive signals that are
applied to a sem conductor |aser 21 when formng recording marks with

| engt hs ﬂ@ctsﬁﬁé%gspond to the respective signals. FIG6 is a schematic
illustration o drive signal for a pulse pattern of recording mark wth

Si gnal’ Tor a Mo G BRbPA, coplios, B RgWRPk Hada § Bhgerent fyp fud

mark), while FIG8 is a schematic illustration of a drive signal for a
pul se patiteoperation @wite diraggypwikll be déscribbd iggieateotetail beloWw.mark) . FIG9 is a
schematic illustration of a drive signal for a pulse pattern of recording

mark with a '%ﬂ? Yrongh (1?Tsdmfﬂahc@%¢ gfdsﬁ‘aﬂeoc%@r?él SPORRITBLYIP ichddikteat | on

of a drive si or a“pulse patte recor g mrk ' wth a length of 6T

6T . imlarly, FIG1]l.is, tic illustrati f ' [ I
For . pubeds Gl (wohbio ) ol g2l R Atk D G iR B SRPROYGT (RSP P and

FIG 12 is a schematic illustration of a drive signal for a pul se pattern
“of recowHemdormaink recordirgy hewls tvithf leBdthé Rateoridspondiitd ¢he Fesfictive ssgrmls.
schematic illustration of a drive signal for a pulse pattern of recording

k ' . . k). ] ' k
i o Gt R haRe iilstln TEY drivs RBndl o B e e PEpcBRmAanta L 1S
formng a recording mark with a_|l ength of nl _xiﬂ' sIr;I, be%ngrian lnteger 23 1
Decenbewith@dength of%T (2T mark) and FIG. 7 1s a schematic illustration of a drive signal fOr a

iaulse 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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not smaller than 2), a pulse beamof nl/2 pulses (decimgls, if a bei ng
to be rounded down) is emitted within a tine | ength oﬁrﬁecﬁwgr%ﬁe
specifically, the optical disc recording/reproduction apparatus 10 fornms a
2T mark and a 3T mark on the wite-once type optical disc I by a single
em ssion of a pulse beamand a 4T mark and a 5T mark on the wite-once

type ophocsthaltirgbarl 20)a puise bedh oFindys pﬁfseﬁgdﬁéhﬁﬁs,bif any, b eabe khidedt i cal
~ disc recording/reproduction apparatus 10 orms a 6T mark and a 7T mark on

an a7 nio LR B kA R LE® U opt cal “dic 1 by four

em ssions of a pul se beam (2) Each pulse beamis emtted when a drive
signal for th¥osespecsienlly: e optical dise re¢arding/raproduetion apharatnsil A dampoaer
| evel (peak level (Pw)) and subsequently |lowered to a cooling |level (Pc).

. To eni t 27 matksmdbeaMmakast 8@l wrifednce thhe bptitd iRl 1 by @%n%lb Réhission of a
sem conductor laser 21 is driven by repeating the cycle of a peak |evel

| i | . (Pg).. te.that th kI | .. is,.the dri
| ever " By hetfiang b ek i bk ol WiRa s 4 peical e R RGOt ne.
organic coloring material of the wite-once type optical disci, whereas

the cootmisgionseéh puire)beam, wherehsithe opticad idiscaecardingfroptodngtiomapparaiug 16f  t he

recording mark and al so controlling each recording mark | ength on a channel

cl ock - Rafis® 6 Pmark and@ b Tar miansh ﬂié\%ﬁ%&cﬂ@?g@%dﬁsﬁw%sﬂﬁﬁ%smr beam

s held to the bras Ilevel (Pb) for spaces. r wor as | evel
bear at Ok gu15e b epiian e el R S ek i i oncesPg opbied e (oo
" 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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found between the peak level (Pw) and the cooling |evel ,(Pc). (3 he
timng of em ssion and the duration of each pul se beam arlgec)ggm(e;%qq ed by
“the time width during which the drive signal is held ON (the tinme 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 nade ON. Mire
speci fi faindibetvin thepeaalevel PovyeaheasiiigsyalqBe) i on apparatus 10 control s

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

t he pul se be i . . d i.bhed bel ow ne.th | amis
e t{ed for o ReRlEBE EhMof SRk diaf o T U o rotiofSa B
~forming a recording mark having a certain Ierf\?th and that the timng of"
t he ri sthedinaeigadtbiduring \Mlnvhpﬂlagnwwlﬁnqlﬂhé) (tha timsowiddls denag whichithe
recording mark is found at tinme TS. Note that the tinme TS cones at a
timng phiaé besm Y REIERS e ShkVievdl) ahd th f (¢ ASiag elBE oP AR driversigtal t he
| eadi ng pul se beam (rising edge)”is controlled by neans of the delay tine
fromthe,ti TS. .The i;tion of the tail end pul se beam (mth pul se beam
i's contwm?g%%gerﬂéwg *the delay tinme fromtime (TS + {(m-1) x 2 X
T}). No tail end pul se beamexists in the case of a 2T mark and a 3T nmark
because m =1.More speeiftcadly, the eptieal disc renogdingfreproduiition appakatusoh@ controfer e
t han one internediate pulse beans other than the |eading pul se beam and

posi t 1 ofteCPEPRIIER ARG of G phis Hefin hd Mot G WAROY RIS, '™

in a manner as described below.

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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the internedi ate pul se beans (the timng of the rising i%t%% '})s %fpgtrolled
I n a manner as described below If the recording mark | Mpgr or

| onger and equal to even nunber tinmes of the channel clock (e.g., 6T, 8T),
the em ssion of pulse beamis so controlled that the rising edge of the
second pul se beamis synchronized with tine (TS + (2 x T)) and the rising

edge of {Helifatekhbddtephlsebeadithe tifine bf ¢ Hsdg \eﬂ%é) it comirélled it a(rhavinel)ak,
while the rising edge of the n2-th pul se beam (n2 being an integer not
smal l er 4t h nd not greater than (m- 1) is synchronized with time (TS
+ {(n2 @§%°ﬁ§e‘§b§‘° ). If, on the other hand, the recording mark length is
6T or longer and equal to odd nunber times of the channel clock (ed%., 7T,
of

9T), the eni sKithmresording seatksdength és €5 or dongar antl equaliateven aumbsr higesdde

t he second pul se beamis synchronized with time (TS + (T/2) + (2 x T)) and

‘the risiipaipdas dbck fe gl T, $T)PiHesembsRM 6ﬁ{)§])§é‘%ﬁlﬁniszs%dcoﬁtfdﬂeﬂithﬁ theTS +
(T/2) + (4 xT)), while'the ri'sing edge of the n2-th pul se beam (n2 bei ng

an integer ot |l er tha and. not greater than (Mms | SwyS roni zed
ot o Aene #886 of Feshnt gilks Depfi o RbRBe it B o DRERERE] ng
mark length is 6T or |longer and equal to even nunber tinmes of the channel
cl ock, tibiegedge ofthaithind mbsobetion iy syeehtmhized with thpp EFSthu@ 1 0)), vehiikesthehe

internedi ate pul se beam or each of the internedi ate pul se beans start to be

ot he R e A e B Bk gk S M 2 et 1o
ecor of BAIEE HBATETIL0 SppHR Vi R 4TSt (226 D1 Bt Diber 2006
| If, on the other hand, the recording mark lengm 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
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I nt ermedi ate pul se beam or each of the internediate pul ig) beags %(#0%” to be
enitted at a tinming delayed by 1/2 cycle relative to thePRASE of°t he
channel clock. Wth this control technique, the pul se beamirradiation
intervals for formng a single recording mark are held uniform
Additionally, the em ssion control circuit can be nade to show a sinple
conf i guimteimedibeqailsecheaheor edchrofelie attermmdiste potserbeams aaeftode erhitted at a
“internmedi ate pul se beans start to be emtted either at a timng

synchr ogi.aed 4 ,ﬁ@%ﬂe ] Eﬁ%g : lﬁ%ﬁ‘i’ r a timng del ayed by
-1/ 2. cycle r%%#@%@% ep éagl&etct)(?ﬂ} e %ﬁgﬁlﬁe c eg(‘:"?.%k'Additional ly, the
optical disc cor.di ng/ reproduycti on apparatus_10_ separately _controls the
timng of ¢ he Wiy s cmﬁéolc%@hmw,;fg@ Blsetheam irgiaion niarvalndor fimiega pul se

beam More specifically, if the timng of the rising edge of the 1-7PP

nodul at efheld mieatding heirk asy held paifdamt o AddtidRAgr the Renisdok chgtralqtRiuittc@nt | me
Te, the timng of the end of the cooling period that cones after the tail

opt i ool OanaERbsefAhitlc b TRl BEpte b et i ! e

section 43 stores the timng of the rising edge of the |eading pulse, that
of the thesintmmedigte pelse beams siart t@ ha epitied eitherat animingsypdironized wiads pul se

and the cooling tinme after the tail end pulse as pulse pattern infornmation

for all phewtifas tlemebélotiber sreo@inthy elamidhy BOGsyR roliife WRYHASOH the! he

- space lengths i medi ately before a Trecording mark and the space |engths -
I mredi a t a recording mark in a state where the rel ated paraneters
are 275}%‘%@@9%7 2006 |

Additionally, the optical disc recording/reproduction apparatus 10 separately
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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regul ated. Therefore, it is possible to accurately contr, the e s of the
‘recording marks formed on the wite-once type optical aggfeTSm¥ﬂ%@, it is
possible to inprove the tolerance for the positional displacenent of the
pul se beam and errors of the length of the pulse beam and reduce the
recordi ng power |evel of the |aser beam Specific exanples of the

paranet 0T Ehef i Vira$&819 tdopikof $he ieleBE thd gecdpliny ti e
of -t he I]%gg]g?érﬁig gglleis.éefo%g% %‘3 éI)'é)%;,lﬂ(t:Engg]k\l tafang [gglr&ioogh%fe ghe | eadi ng pul se

(Ttop9T), .t delay tinme of the inter i af e | se(s) (dIm9T)., the, ON tine
ber b WrrksErhed e WSonts See SpRealiiet S PSSR BN PREOHPRHE TS| ' e
pul se (T1p9T), the ONtine period of the tail end pulse (T1p9T) and the
cool i ngolarancedbt the positional displacement|cf¢he pilled®idam anhd erbraf thé lemgth efdhe essed
as nunerical values. Wth the BD (Blu-ray Disc) system the channel clock
freque ' | : (%H%P t andard recording
rate. Isé%ﬁ%%@ggggﬁggcto e&vgearflgvé\l/{d?%é;l?%%rlﬁr%glﬁlé of about 36 Mbops.
Additionally, the rates (tr, tf) that are achi eyved en a bl ue-yviolet
sem conduct orSResdis Sxaaags of (e Poaciess SojRd 18 ¢ palaromemay S64e BBout 2
ns. Therefore, with the standard recording rate, the tinme length that
cor r espiaokiide tge delay imeadfahi¢ lehling dplﬁs@?i’ﬂt@@ﬂ, thel GNpimisipetied o thedeadingous| y
idth o

emt a pulse beamwith a tine w T/ 2 (which corresponds to 7.6 ns)
to for ' X M%md he
channel PG EFERELE 0 ety HEHEYF e bref AL BRIGHS, (GFRapLE THE ONGHmb ©, 1oy
corresponds to T/2 is about 3,8 ns and hence a hi speed, drive_ circuit is
Fequ r GarrioRafthe inkemediato pulsela UppR 1, dbedgiay fme elcbe Sibed #Wlee CRIPREL| engt
that corresponds to T/2 is about 1.9 ns so that it is practically not

possi blhe ION ti#de pelet 6fier tad @9E pulse (TIp9T) and 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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. emt a pulse beamwth a time wdth of T/2. Therefore, tﬁs o%i c?%%di sc
recordi ng/ reproduction apparatus 10 is effective to real FEEh

transfer rate recording that is double to quadruple relative to the
standard recording rate of the wite-once type optical disc | defined for
the BD (Blu-ray Disc) system Mre specifically, it is effective when it

i s appl icoudt a pulsebeand with adime vadthhefiff@2l cl ock cycle T of less than 10 ns.
Additionally, with the BD system a capacity of 25 GB is realized for an
optical di scThaukdg, et isc QecdrdfhaMEbRYIULAD %gﬁaﬂaﬁﬁefo Reamgurpe of a

wavel ength of 405 inn and an objective lens wt nunmerical aperture of
0.85. Wth the, cifications of the BD system ,the |length of a physical
recor di ﬁ%ﬁlﬁﬁﬁﬁ“@ﬁg‘@nﬁflﬁ? F%%b??ﬁﬁ‘gng@a?ﬁ gﬁ‘ﬂ? do %@W&i e dp de ﬁ@n‘%'asmall
as about 75 nm Therefore, a disc of the BD systemis apt to be influenced

by the nécerding ratt dfethe vinteamicattymnoptiad disek e slefined domtherBDoBlu-ngy Disccedi ng
and succeedi ng recording nmarks if conpared with discs of conventional

systensﬁys#&{.] a fg@§ 3 _ : : | - di

recor di. ng re'pr%Iuct ganﬂgpgér a1§useéltg%c‘g%%}?gllggﬁﬂée%@ﬁ‘gg&gggﬁhsﬁaas oel
flexibly, c an‘ge;tégﬁ S&EI S(f beam em ssi on spot dependi ng on the space |l ength
bet ween“1OkH C¥eR ggs\iBan Q8% di ng marks. Still additionally, in the case
of a wite-once type recording medium that contains an organic coloring
material as pAddgiopally,iwith &eiBIDtsystein, acapadsi 6f 25 GB istreatpedabt sn bpticar m y -
arrange the positions of irradiated pulse if conpared with a rewitable

s pte PR R o o0 B o R s PR OB e el b B 88 e o
the tail end edge 29 1 Decenber 2006 : . .
nm and an 0 jective 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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~and the wwdth of the recording mark to be fornmed. FIG 14} and FI% 4B are
schematic illustrations of the tolerance relative to di ?iﬂcgg‘gﬁjé of pul se
beam when doubl e speed recording is applied to a wite-once type recording
medi um contai ning an organic coloring material as principal ingredient in
‘the optical disc recording/reproduction apparatus 10 and the tol erance

rel at i vghd @e vilidROBRC FROEIAE nivk &ebb s, the (n - 1) tines pul se
~irradiation schenme, which is the conventional pulse irradiation schene.

FIG 14A is gr OW | he ditterss of.a.reproduc si,gnal_obser.v after
Fecor di ng. a dghArA i PLGFi i, St RerRi i SRRRENEH B R SR
I nternmedi ate pul se or each of the internediate pulses and that of the tail

end pul displacementiofeuisedesmt when dowble speddmenondintgis appliechie g writetpned type pul se
i rradi ati on schenme (by nunerically expressing the statistic values (a) of

t he mar 08%3?% b tafing| S BBlofink " : ?fﬁﬁ; ol 1 . On
t he ot hlléér a ﬁﬁéf@%ﬁ% I'S %blg?%%ﬁﬂshow n t?%fgﬁél:ag |t g%a?g%g(rh\?gﬂtlggﬁé
- obt ai ned when.conducti.ng, a sim)ar recordi repy oduci oper ation, ,using
Ohe ] ReAD ade DA e Seien, cpBRdy Tibt 0 66 (0IGaBR | Bl 40
recordi ng/ reproduction apparatus 10 of this enbodinent. As clearly seen
fr om Fl displddernast of falseliBzan oé flep@ <4l tithecpulse ivadiativg schpmegudtichois the
apparatus 10 of this enbodi ment can realize a broader tolerance if
Comare&n%ﬁ@?ﬁaﬁﬁuﬁgrﬂ‘f&gﬁﬁ&{"@he stem Furthernore, with the n/2 tines
adratio or

pul se itr rec I'ng nethod of this enbodinent, it is possible to

sel ect a peak_power evel for_ recordi that .is_|l owe 30 1 cenber
2006 P FI%: 14A gsp\érvz‘ap showing the jifters o? ga reproduced sxgnaﬁ observed after

fecording a signal, while uniformly changing the pulsé 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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t han the peak power |evel of the conventional (n-1) ti ul se Lrradiation
schene. In other words, the recording nethod of the p?g?eer%fami ﬁ@%@qﬁi on is

effectively under high speed recording conditions that require a high
out put power |evel for the sem conductor |aser. Wile the present
invention is applied to a recording/reproducti on apparatus to be used with

a Wit ethanae peakoars ie@l ofileeohvéhivnah@s— 1 pimespakse dradigtigreschbiriei t Inwi th a
BD (Bl u-ray sc) and contains an organic coloring material as principal

i ngredi i.n 0 e i he ' r i [ is by
no neanqﬂ%iﬁFPg%qﬁ%Z$%¥§mgéﬁg&W§y aﬁ%%&%gggg%Y?%g§1§ 35@%%%?%§%%1g§%ices
of ot her tgpes that use a blue-violet, semconductor _|aser as _|ight source
as wel | speed reconing canditions theh requireraskighdiuigut povies devel forathe gemicpnduefor

sem conductor | aser or an infrared sem conductor |aser as |ight source.
The preggryt invention is also applicable to wite-once type recording

medi uns whose recording |ayer contains a netal nmaterial as principa

Lo the | mvent WOHEIEE Bt dRkeTRC Aphs® i3 Top R b ARG, "

medi uns but also to rewitable type recording mediums in order to realize
‘an excebd vsed with arwliiteegnoegypel opti¢ad wissel that has sprodussiontogpatibdity math 4 at e

conditions. Then, it is possible to inprove the tol erance for displacenent

of pul Ssmfaglr%%mmg?@l%ﬂr Soritdiné B8 drgenﬁ& *éoRﬁin%hﬁaﬂéﬁhlS& gﬁﬁﬂgﬁlﬁg%féa%ntﬁl@ al | ow

the recordin evel of the Taser beamto be reduce 1 Decenber
20001 g abeve lgesribet Snbodiiment, the presént Hvation S vy’ho fhéans Hed Beters ™' * "
énd 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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information recordi ng medi um having a recording nmaterial, that  qi riseto
an irreversible chagge to the Iiggt reflecting conditiéA&?ﬁgW%5¥ﬁ&%en
irradiated with light of not |less than a predeterm ned power |evel by
form ng a continuous row of recording nmarks, which are parts where the
light reflecting condition has changgﬂﬂkﬂﬂg.spaces, whi ch are parts where
the light reflecting condition has nof changed, the device conprising: a
nodul ati on section adapted to generate the binary data to be witten onto
the wite-once type information recordi ng medi um by nodul ati.ng the input
information; a laser wite section adapted to irradiate a | aser beamonto

the writetonce AyReformafion Medording dReiedion I Biary@ianeh khRriRaGide! t9pe Of
the | aser beamirradiation spot "relative to the wite-once type

| asor i RPREHBRolRAIRE BT TR ) ey tE bRl TR el B bom "

recordi ng marks and spaces corresponding to the code string of the binary
dat a, .t harewasibde clhangedotthe ighisiefgeting eataiiti e thenent, whdn irtadiat¢rhwithl light of k

cycle of the binary data is T, it nodulates the input information such

that t he ;iqedseinIBRHLERAIRASWLCRIL LS fofdiRobt BBATNERL GolPof Rioot e

than 2 x e cont secélo el ng so "adapted t hat 1 Decenber
e e TR S R OSAcPb B e o e
wite-once type information recording mediumfor nl/2 tinmes (decimals, if
any, bei nghich dre pansdelterdothw) lightdreflecting condition has not changed, the device

|  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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when f or ni ng'a recordi hg mark having a | ength of not smgller tha 2 x T
(n2 being an even nunber not snaller than 6), a pul sengéfrﬁef@ef?q di at ed
onto the wite-once type information recording mediumfor n2/2 times with
all the internediate pul se beans synchronized with the phase of the
channel cl ock exgRBtfolRgd £adh W :SE al : %%E]
wher eas, when formng a geco‘r d?%ngé)rmrﬁkﬁg%@n%%g eﬁ%xtlL OT (ﬁgf%egl#aﬁ%]? an
n3 x T (n3 _, bei n o nunper, not,spal J.er than 6), a pul se beamis .

o ndt at odObRTBIER SV 2 BREE beRypis I Re i o St eiomge e qriorgetions -
1)/2 tinmes with all the internedi ate pul se beans del ayed fromthe phase of

t he channetcocdinglnddiu f2r akQaphes (deciheds iiflamfpbéiﬁg theafvumRied dovmn)aadl end
pul se beam 2. A device according to claim1, wherein the control section

changes the em ssi ' T I eam ; the ceol.in i after.t

em ssion, the p?)@lle@irfgﬁ{u:r)%eaf %&0#@?%3#8?%8‘8%? ]&%ﬁ% %ﬁ%mtsﬂgarﬂ%gﬁ%’éﬁ ?( aTI(Han
pul se beamas a function of the length of the space imediately before and
that of thengFacyenmvshesmet smalierdhamfy arpdse biamy inaakiate] omodbe waie-once
according to claiml or 2, wherein the nodul ati on section. generates an

NRZI si gngpetififriafiof @é&ﬁéﬂg editi® fhr ABP ARAY '\ﬁﬁ ﬂgﬁgﬁ%&%efig}telﬁggé B%%gs

according to claiml1, 2 or wherei n the chann cyc ,
bi nary daja. } . t 10 ns...33 Dece r 2006, 5 . devi ce accordi to
any one o%g?ﬁ&f“ﬁl@a[ﬁ? Pa#&r‘&tﬁe f eggggﬁt%ﬁ?ﬁt thed Pilsebeara anastg
wite section has a wavel ength not |onger than 415 ran. 6. An information
recor di ngtapemidgailsedream,iwhenepsbi nary data on a write-once type

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 positiqn 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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i'nformati on recordi ng medi um having a recording material, that es rise to
~an irreversible change to the light reflecting conditi Jr#’ E}bgb¥0%en
irradiated with light of not |less than a predeterm ned power |evel by
form ng a continuous row of recording marks, which are parts where the

l'ight refqect 'ﬂ%&@é@'a&b&*ﬂlﬂgﬁocﬁlﬁﬂ%@ oﬁ'&ﬁuﬁﬂ@aP% 4, Whicgdinaghe ReEt Hewfrer e
~the light reflecting condition has not changed, the nethod conpr|5|ng

generat i the binary .data t.o be witten ont e teo
Pnf or mat | A @é@@?&%ﬁdaﬁmﬁwmﬂsﬁ Wﬁ@’el%ﬁgtrh g %f@ﬁm -and
irradiating a | aser beamonto the wite-once type |nformat| on recording

medi um  frovi nghn rfopoatian meonting meethad dor Weting binaayidata masxpnte-mr&:leaypwe to
the wite-once type information recordl ng medium to forma row of

recordi ngnf@?{ﬁ f bl nary
data; the In or(r)rlg?)i%gn d(ﬁng nmet g?éﬁgdég%g%g@ ih{lt'h%?ve@ ?E%]% af

- channel C.|0Ck e of t i ,nar datals‘,l' it modul ates the in

i nf or mat |lgﬁV§ C EWSF t‘?ﬂ@ﬁ%ﬂ? getinggeonditicn ﬂ’@’é‘?@éwli@ﬁgéw Wétgﬂlghépﬁ
data is not less than 2 x T, and that, when formng a recording mark having

a | engt h moft leds thad a(ptbdétennmedrpow&re}geﬂ bnGrnsinBld esntimieis 2ow & Ribadingeam
‘is irradiated onto the wite-once type informatron 34 1 Decenber 2006

own) andSKReHPYGr et PREET e BB ilg af it Rol R b 65,

than n2 x T (n2 being an even nunber not snaller than 6), a pulse beamis
i rradi at ddhishtase pastsywwihers thec dight 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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type information recording mediumfor n2/2 times with aI1I thebi n%(g{rredi ate
pul se beans synchronized with the phase of the channel c[?e&?{? &% Bt t he

| eadi ng pul se beam and the tail end pul se beam whereas , when formng a
recording mark having a length of not -smaller than n3 x T (n3 being an odd

nunber nofecsittd Redibaom]/? fnfey(GRiRaRM oS ilﬁé‘tﬁ%’&%@ﬁnﬁiﬂé@d&fbﬁ% dfd,t e-once
2 h al he

type information recording nediumfor (n3 -1)7/ I mes wt

i nternedi ate pulse .beans del ayed fr t he phase, of. t he chanpel c¢lo y
T2 except. & he WaRHIRHRRE F e GHn manthiviie RIERSLS natrurlgegnn o2 * A el nod
accordi n% to claim6, further conprising a step of changing the em ssion

time of thengan secrbrumber het sowadler tgint6)e palsedeatris irradiatesl oo tHeherifeaside on
of the | eading pul se beam and that of the tail end pul se beamas a

function ﬁﬂﬁ# ; ' qi.lﬁése%&lﬂ] f :

space | rrrrtse)%? at eTA)} a {bgre{daltﬁ ﬁlregg%fri 3?‘;%r . 8. %ﬂ rr@% E% a%%lgfr%é)lu% l%éc%ﬁ]csl aim
6 or 7, wherein.a I. si.gnal .that is encaded by the 1-7PP nodul atiagn

met hod iéyaeﬁfg%aa’ﬁﬁither@ gtithe 'l@ﬁngk@agk gxceRt the dadsechear e theai m
6, 7 or 8, wherein the channel clock cycle T of the binary data is |ess

than 10 riail eddpulbe beihpdhasasr di ng to any one of clains 6 to 9, wherein the
| aser beam emtted fromthe |aser wite section has a wavel ength not

longer than 413,0M fofming b YeIRMAL FRHTEIREL N P ¥ ot SRtler than n3 x T (13
being an odd number not smaller than 6), a pulse beam is ilradiatéd onto the write-once
- type information recording 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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| NFORMATI ON RECORDI NG METHOD ABSTRACT OF THE DISCLCSURﬁ[ﬁﬁﬁggk}
performance is achieved relative to wite-once type optica recordl ng
medi ums on which information is recorded by neans of a bl ue-viol et

seni conductor laser. An optical disc recording/reproduction apparatus 10
conprises an LD control section 17 adapted to control the irradiation

power of a |aser whe LLi a. |f the cycle of the channel clock is
T, when formng a re@g&@mﬁ%m%@mﬁﬁ&w(ﬁm T (n being an
integer not smaller than 2), a pulse beamis irradiated onto the
write-once type infor TRIBRORMATIOMN RECORDINGNEYHOD mes (decimals, if

any, being to be rounded down). When form ng a recording mark having a

Tradiated for 2 ) s ASIRACT ORe IEDESRbASE oLl se’ beams

synchroni zed wth the phase of the channel clock except the -|eading pul se
beam and the taail end pul se beam Mhen .form .a recording mark hayvipg a
Cengt h of not AShAnRBRIR BFTeREERY BaacHBYbrORiNRSOoPIHc-ORoD dVRe BHIH | s
irradiated with all the internediate pul se beans del ayed fromthe phase of
t he chamemirding| nwiditbys iR vehicle ihfdritibraidi ngcopddds dybeemand & hslueaiibleend
pul se beam FIG 1
semiconductor laser. An optical disc recording/reproduction apparatus 10 comprises an
LD control section 17 adapted to control the irradiation power of a laser when writing
- data. If the cycle of the channel clock is T, when forming a recording mark having a
- length of n x T (n being an integer not smaller than 2), a-pulse beam is itradiated onto the
write-once type information recording medium for n/2 times (décimals, if any, being to
be rounded down). When forming a recording mark having a length of not smaller than
6T and even number times of T, a pulse beam is irtadiated for n/2 times with all the
infermediate pulse beams synchronized with the phase of the channel clock except the
leading pulse beam and the tail end pulse beam. When forming a recording mark
having a length of not smaller than 6T and odd number times of T, a pulse beam is
- irradiated 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.

FI1G. 1
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