| NFORVATI ON RECORDI NG DEVI CE  AND | NFORMATI ON RECORDI NG METHOD BACKGROUND
OF THE I NVENTION Field of the Invention This invention relates to an

i nformati on recording device and an information recording nethod for
recording information on a wite-once type optical information recording
medi um by nmeans of a | aser beam Rel ated Background Art Optical information

recor di ng/ reproducti on HgRORMATYONRECORDRNCGADEYICPL | cal  di sc

recordi ng/ reproducti on devices are adapted to converge a | aser beam onto
the recording |ayer of a recording lumso as to wite information to
and read information fromthe recor | ayer. If the wavel ength of the

| aser beamis ? and the nunerical aperture of the objective lens is NA
the diameter (0) of thdNEORVATIEN RECOBRDINGRMEBRHQIDe recording mediumi s
generally expressed by forrmula (1) below. (D=X/NA ... (1) Therefore, the
shorter the wavel ength of the | aser beam and the |arger the nunerical
aperture of the objective lens, the snmall the dianeter of the spot of

Fecor ded optgal 1y at nEACRSROUE GHT R RVENTertur e of the
objective lens is 0.45 in the case of CD 1 (Conpact Disc (tradenane))
pl ayer sFisld ofth@ Ihverfliog> i n t he case of DVD (Digital
This invention relates to an information recording device and an information
recording method for recording information on a write-once type optical information
recording medium by means of a laser beam.
Related Background Art
_ Optical information recording/reproduction devices typically including optical
disc recordingfreproduction devices are adapted to converge a laser beam onto the
recording layer of a remrdmg 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 formula (1) below.
d=XL/NA .. (D
Therefore, 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



Versatile Disc (tradenane)) players. The nunerical aperture of the
objective lens of recently developed BD (Blu-ray D sc (tradenane))

recordi ng/ reproducti on devices that wuse a blue-violet sem conductor |aser
(wavel ength: 405 nm is inproved to be as large as 0.85. Cenerally, two
different control nmethods are provided for the purpose of controlling the
power of~j rradi adn whaep et t Y, D:r]gs : i vel y
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.is mainly applied to wite-once type recordi ng nediuns formed by using an
or gani creehtly idegelopéd BIR (Blu-Mit Dist Hitradereinie)) recardingseprodactionsdévicesdhat ed
for a single mark (a part of EFM signal where the signal is at H GH of an
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mark (pulse irradiation nethod) with the other control nethod for

control Di&g the power of irradiating a | aser beam This nmethod is mainly
applied to rewitable type recording nediuns forned by using a phase

change recor dGegeratlyetwa! diffefant eocanill emethadp udrs eploebteadi for theagugiozd 6br a
plurality of times tor a single mark (a part of EFM signal where the
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by using a tE)hase change recording material, a ,systemaf irradiating a 2

pul se beelactively msed depemdingromthe type pfhe measivdag materiak mA lnses Jiegihds nar k
with a length

irradiated continuously to form a recording mark with one of the control methods for

controlling the power of itradiating a laser beam. This method is mainly applied to
write-once type recording mediums formed by using an organic coloring material.
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 FFM (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 method for controlling
the power of irradiating a laser beam. This method is mainly applied o 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 irradiating a



of n x Tas wite strategy, in other words, a systemdefining a wi dth of
T/2 for the pul se beam (pulse irradiation system), is adopted. Note that
an EFM (Ei ght-to-Fourteen Modul ation) code is used as nodul ati on code for
CD-RW and, in the above description, n represents an integer not snaller
than 3 and not greater than 11, while T represents the cycle period of the
clock ( K) bi | | Si : : ged. As
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of a pulse beamwi th the chanpnel c]Jock is adgpted in
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the pulse generation circuit for driving the sem conductor |aser.
Addi ti oBgarhy(pulseWriddeativhr e¢sedi), of aloptado! Ndtg thhe ano¥EM ¢Eighttd-Fongeera
| aser beam by way of three levels of a recording peak level (Pw), an
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beam Meanwhile, in recording/reproductjon devices for CD-RA, the channel
cl ock DaEpreRntD AR infegm ot amagerrt%a@ 3(andwnot ereatersdbhan d i whilg T3epigspnta the t hat
the time length corresponding to the channel clock cycle period of (1 x T)
i s aboukyddGarod bf tiee \Mddke(chahhdl! ElBYk)Obl @68 ibihdry dondl dEFMT s ?_qo e
pul se beamto be irradiated is adopted as described above, the tinme | ength
of the EUIS eamto be irradiated is 115 ns. Then, an excellent

recor di ﬁ?? oduction performance can be realized because this tinme length
is sufficiently long for the rising tinme (tr) and the falling time (tf)
(both tr and AS shewngnFlGoloral wiitestrateey of syndironizingihe dinaingrof ermissiersef beam
emtted froma sem conductor | aser.

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 single beam.

Meanwhile, in recording/reproduction devices for CD-RWs, the channel clock
for the basic recording rate (1 x 1) is as low as 4.32 MHz and that the time length
corresponding to the channel clock cycle period of (1 % T) is about 230 ns. If a write
strategy of defining a width of T/2 for the pulse beam to be itradiated 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




However, with the high speed recording rate (24 tinmes) that is specified by
the high speed recording specifications for CO-RWM and has been put to use
in recent years, the channel clock is as high as about 104 MHz and the

time length corresponding to the channel clock cycle period of (24 x T) is
about 10 ns. If a wite strategy of defining a wdth of T/2 for the pul se

beam to | | | | ; \ﬁ%gn ' Redh of
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recordi ng specifications for CO-RW that defines a high speed recording
rate of high speé®fecdtding @?ecﬁlﬁcetﬁbﬁs GordCDRW s gidizdibegn pat © use ingysene yeas,
irradiating a single pulse to forma recording mark with a length of (2 x

T), or Lirpadiati . ' : | : a
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adopted as wite strategy. Such a_ recording nethod js discloged, .inter
alia, iehanmghelock cpaleaqerionsdi(24 xt This abgut1Gpen I pirite sirategy mbgefining a
2002- 288837 and 2002-237051. FIG 17A to FIG 17D illustrates the 2T pul se

recor di {edRYSTTEM fonehaid beadh td be iftadiditd Ay hd6pted ao deictibed wbbedthe dawy di ng
marks are classified into three categories of 3T nmark (shortest mark) as
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bi nary signal (EFM signal) as shown in FIG 17A, to each of which a certain
degr ee drive theserieondsictor/lasgeth ¢mitagulre beam fos spcdsa shashtiore length r Fnwiewt ed

pul se beam and the pulse 4 width when form ng recordi ng marks.
of this problem, according to the high speed recording specifications for CD-RWs that

defines a high speed recording rate of 24 times as high as the ordinary recording rate, a
system of itradiating a single pulse to form a recording mark with a length of (2 x T), or
irradiating a pulse beam 1n/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 recording system, recording marks are classified info 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 17A, to each of which a certain degree

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



Wth the 2T pul se recording system for instance, all the irradi ated pul ses
are synchronized with the phase of the channel clock for even marks as
shown in FIG 17C but, as shown in FIG 17D, the values of the position of
irradiation, the duration of irradiation and the cooling tinme after the
pul se irradiation of the tail end pulse for odd marks are differentiated

fromth e 8&‘3# for even marks. This arrangenent is
&hgi%nger@%ﬂgﬁeeng f

devi sed to of the recorded mark under the condition of a
sanme nunber of _tines.qQf pulse itradiation. Additionally, as for the
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be freely defined so as to synchronize it with other recordi ng marks on
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irreversible recording (wite-once recording). To keep pace with the
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adapted to the BD system it _may be safe to assume that it is necessary to
keep unafseme pimber of times of invisesimadiationa) Additionally, pufgrdbe cstegaehpévilng an
opti mum recordi ng/ reproducti on performance.

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 (iradename)) system that
employs a blue-violet semiconductor laser (e.g., wavelength: 405 nm). Write-once type
recording mediums contain 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-once type recording mediums,
efforts are also being paid to develop optimum 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



Wil e each of the above cited patent docunents describes a nethod of
applying the 2T pul se recordi ng system the patent docunents are limted to
the use of reversible phase change recording materials for recording

medi unms and, according to them pulse irradiation intervals are not held
uniformso that they may not feasibly be able to find practical
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proposed nethod is adapted to control the mark | ength mainl t.he

i rradiated t amhilsachof &e Frayercited paternh dogments des 3 aThethod of dpplyig

recordi ng/ reproduction performance may not be achieved if the nethod is
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view of the above identitied circunstances, it is therefore the, object of
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relative to wite-once type optical recording nmediu on ich information
i s recotstiatioppintervaly asg nabheld wiilagm s thet $hey aaywh%%ﬁi@w\égf‘oaﬁﬁ 39 eﬂ%ﬁ
order to dissolve the above |listed problems. In an aspect of the present

i nvent i gictibdle appHYAICRR] €CtWhile A€l eesndtional oPa@hngA pplicativhor it Gyen
recording device for witing binary data on a wite-once type information
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irradiated with light of not less than a 6 predetern ned power |evel by
f or mi ngmethahisiadapied to emtel themarkilengthmaiody byhedrradiated tot end pulsemadtthe

light reflecting condition has changed, and spaces, which are parts where
so that an excellent recording/reproduction performance may not be achieved if the

method is applied to write-once type recording mediums.

SUMMARY OF THE INVENTION

In view of the above identified circumstances, it is therefore the object of the
present invention to 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 ébove listed problems.

In an aspect of the present invention, the above object is achieved by providing
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




the light reflecting condition has not changed, the device conprising: a
nodul ation section adapted to generate the binary data to be witten onto
the wite-once type information recording nedi um by nodul ati ng the input
information; a laser wite section adapted to irradiate a | aser beamonto
the wite-once type information recordi ng nmedium noving the position of

the | as : | :’j}ﬂl ' ﬁ)t.mg-[? td\ t Lt.e- :
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| aser wite _sectiogn according tgo.the binary data and formng a row of
recor di partswhres the dighbredlesting epndstionhal ¢hgnser.and spacrs. whichase parts WECH nary
data. In another aspect of the invention, there is provided an information
recordi g light Reflbcfiag contlitionohdy Aer vhatled, die device teongsrising:yP enodiflatiorat i on
recording nmedium having a recording material that gives rise to an
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form ng_a continuous_row of recording marks, which are parts where the

i ght  infbroationegcersiag medivmn by naedidgting the epus pafoexation; alaservailgseettonher e
the light reflecting condition has not changed, the nethod conprising:

gener at qAshtbd'e Riadiiya BabFbdan Bto the Wiritenedtypeliiforiation rapdsding Yidlium,
i nformati on recordi ng nedi um by nodul ating the input information; and

i rradi ati ng_a, aser...bea nto the wite:once tvpe i.nfornation recording
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the wite-once type information recording nmedium to forma row of
recor di mformation medrding casdiome and asqomingl section adaptacotdecantnol dlae oken weitdi nary
data. Preferably, in an information recording device and an information

recor di Bgetion according to the binary data and forming a row of recording marks and spaces

corresponding to the code string of the binary data.

In another aspect of the invention, there is provided an ipformaﬁon recording
method 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 predetermined power level
by forming a continuous row of recording marks, which are parts where the light
reflecting 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



met hod according to 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 length of the binary data is not less than 2 x T.
Preferably, in an information recording device and an i nfornmation recording
met hod according to the invention, recording nmarks are fornmed by

I rradi abéﬁ&p@n&ﬂk&@ﬂ@&ﬂi@sﬁﬁ@ﬂﬁébﬁfa@ﬁaﬂefi ned bel ow dependi ng on the
| engt h of recording mark. When form ng a recording mark having a | ength of
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nunber not snaller than 6), a pulse beamis irradiated onto the wite-once
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pul se be synchroni zed wth the phase of the channel clFock except "t he

- |l eadi ng ;pul.se heam angd the tail end pul se beam Wen form ng a recording
mar k hagg %Othﬁﬁgi"@gfxﬁot smaller than n3 x T (n3 being an odd nunber

not smaller than 6%, a pulse beamis irradiated onto the wite-once type

information r lyp imedi mforfmatiohn@cerding 2leviceemdnan Hnformatibe recording

i ntermedi ate pul se beans del ayed fromthe phase of the channel clock by T/2
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and that of the tail end pul se

When forming a recording mark having a length of n1 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 (decimals, if any, being to be rounded down). When
forming a recording mark having a length of not smaller than n2 x T (n2 being an even
number not smaller than 6), a pulse beam is irradiated onto the write-once type
information recording medium for n2/2 times with all the intermediate pulse beams
synchronized with the phase of the channel clock except the leading pulse beam and the
tail end pulse beam. 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 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.

Preferably, in an information recording device and an information recording



beam are changed as a function of the length of the space i mediately
before and that of. the space immediately after any recording mark. As
descri bed above, an information recording device and an information

recordi ng nmethod according to the invention are adapted to irradiate a

pul se beam as descri bed above as a function of the I ength of the recording
mark to W S hi e ar : ' fal | val s
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medi um havi ng a recording materjal .that gives rise to an, . irreversible
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recor di Bedrh @iy ki ap afetdtionrafibe lengtieof the spacedmmediatebniosfoteyarel that of

i nformation recording nedium Additionally, in an information recording

devi ce ' | ol od according to the invention, the
timng %&%p?ﬁeew?e%gﬁ?ﬁ%&&éﬂfraﬁgbn of a pulse beam and the cooling
time after the irradiation of the pulse beamfor form ng any .recording
mark are chandéddessribed (BhoVeosnonfomBaticm geqording: Aeviep AW eRnidpEpaiion
before and that of the space imediately after the recording mark. Wth

this arrRogfAR Hhethbd doordiRStl tHeeinventidit afeddidipyed anirtaliate Repiles beanas of
t he edges of each recording nmark so that consequently the tol erance for
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this arrangement, the pulse irradiation intervals are kept uniform relative to 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 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 information recording
method according to 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



FIG1 is a schematic bl ock diagram of an optical disc
recordi ng/ reproduction apparatus realized by applying the present
invention; FIG2 is a schematic illustration of the optical head of the
apparatus of FIG1;, FIG3 is a schematic illustration of the 2-group
objective lens that the optical head of FIG 2 conprises; FIG4 is a
schemat ¢gguickdustrati on of signal detecting |light receiving el enents that
can be used for the optical head of FIG 2; FTCl 5 is a schematic bl ock
di agram of the LD control section of the apparatus of FIG 1, FIG6 is a
schematic illustration of a drive signal that is applied to a

sem conduct or | aser when formng a recording mark with a length of 2T, FIG
7 is a schematic ill UQREEBES&IBIWNJ@FmEE@RAWGS applied to a
sem conductor | aser when formng a recording mark with a length of 3T, FIG

8 is a schemagj j id y%&ﬁéﬁéwbﬁhk%iagrbﬂﬁoﬁh@%ggcﬂ%&c h&gﬁpg%}éﬁﬂmg?c@%

sem conduct or | aser when form ng a recording rk wt FI G
e i
10 is a schematic illustration of a drive signal that is applied to a 10
sem conduct or FIG2ds awblsemdtor ilfustpationr aftbe dpﬁxga?hm&oﬁﬂmlapparh&ngflﬁl@fl;GT; FI G
11 is a schematic illustration of a drive signal that is applied to a
sem conduct orgj@seis YMERbrh ARG LY DGrd Kbkt fons SR e Yptiédt
head of FIG 2 comprises;
FIG 4 is a schematic illustration of signal detecting light receiving 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 schematic illustration of a drive signal that 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 laser 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
semiconductor laser when forming a recording 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




FIG 12 is a schematic illustration of a drive signal that is applied to a
sem conduct or | aser when formng a recording mark with a length of 8T, FIG

13 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 9T; FIG
14A and FIGS 14B are schematic iIIustrations of the tolerance relative to
di spl acgéﬁiﬁla{: vﬁﬁ ﬁ)ﬁﬁg applied to a
write-once y&[;jet recordi ng ne m con n| ngwgltﬁlcdgrE ?)glégbl oring materi al
as principal ingredient in the pti cal sc r.ecor.di ng/ repr oducti.on

appar at us of i ibch B ileiaton: af v 6ivs Sl&l’ﬂgi ?16

beam of the (n - 1) tines pulse irradiation schene, V\/m ch Is the
convent semiebndudtiedaser vattnafbimingsceeorling narld tviths lengthlof At i ¢ i 11 ustration
of a wite strategy for formng a recording rrark by continuously

i rradiating Se4 :he C |te
strat egy forﬁcgnﬁ]dpagggggl#lgﬂ hMl?ﬁbgP{B?trdg& at” rg a pulg gﬁ%eam or one
or a pl uralltg of times; and FIG 17A to FIG 17D are sc ematic illustrations
of a wrsereicendugterdoser syhandprnmg arecewsing marky r&leng’fhw § bength of ( 2 x T)
by continuously irradiating a pul se beam DETAILED DESCRI PTI ON OF THE

PREFERRED EVB@Igy MENTs 1d sdhemati® ellpgtesiont of ny diiveosighall thabeis dggpsliedbed ai n
greater detail by referring to the accorrpanyl ng drawings that illustrate

or coont “ensEhdfcshrtak: Qi CRRIEH bR BB P b ERAPTE YTPEa hsc

recordi ng/ reproduction
FIG 14A and FIG14B are schematic illustrations of the tolerance relative to

k

displacement of pulse beam when double speed recording is applied to a write-once type
recording medium containing an organic 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 illustration 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 continuously irradiating a pulse beam.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

11



apparatus 10 realized by applying the present invention. The optical disc
recordi ng/ reproduction apparatus 10 is a recordi ng/reproduction appar at us
to be used with a wite-once type optical disc |I that has reproduction
conpatibility with a BD (Blue-ray Disc (tradenane)) for

recordi ng/ reproducing information by neans of a bl ue-violet sem conductor

| aser beam s -] \ . V, ey e
wr te- onee ¢y bt Biaperd Eifentibh 1RccsDifed B ELARALS Ry e Rlin o Y
contains an organi¢ cqloring. material. The jnfor i on recording | ayer

gi ves rReEOMpANYHE drevangs thabliistate R oplc rdésq re@ﬁ%la&!m yckgn awai{qson

thereof when irradiated with |ight whose wavelength is 405 nm and whose

power iﬁeaﬂgédbpupplyﬁ@he@me@ﬁg{@{ﬁajmed | evel . More specifically, when
such light is irradiated with not |ess than a predeterm ned power |evel,

rom e ori Eihal o B epeihaf lgPlc SRR O pf WGLIPASF horBEhtifoBRARAET g

medi um that utilizes _such chan&gs in the light reflecting condition
t her eof apparatus 3P aealized birappbing BeqresenhBveplient-s of the organi ¢ col oring
material that have been destroyed woul d never restore the original

condi tion, thFhybbticd dieaetotdihotiepicdattich appatatoan0ries escbrdinpeepratiietivron! y
irreversibly (only once). 12 The wite-once type optical disc 'l carries

peri phorgais e b astd W A PRrORE nhnis ob BB CYish ot Hhit hetf s8ib8fgior
specifically, as the |aser beamis irradiated onto the disc with its power

| evel uncmpaghility ovitand Bl (Blueray pbiscofiradesamici)c oy neootdingleptodising ant

| i near speed (or a
- 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 when 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 predetermined power
level, the organic coloring material is destroyed and its reflectivity 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 material that have been destroyed would never restore the
original condition, the write-once type optical disc 1 can record information only

irreversibly {only once).
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constant angul ar speed) along the track, a row of parts where the |ight
reflecting condition has changed by the irradiation of |aser beamw th not
| ess than a predetermi ned power |evel (recording marks) and parts where
the original light reflecting condition is nmaintained (spaces) are forned
on the track according to the input recording signal (binary signal).

Thus, the rowrgE vire-dree dyft GisticaRlse 1%&@&%@%@%12 e%fbnﬁg%egbj\mck i s

detected and the recorded information (binary sign i's reprod en a
| aser eamis emt with a power vel,. | ower. than the pr term ned

pover | BForetiifiia Hhe Sule? BePReR o Becitise} iplipre oreBorkd Aol B, o
to detect the light reflected by the track. (Overall Configuration) FIG 1

i s a sciradat | Mdre epecifically; asntld laske bequni is dtradiated omto dheliding/ withritsdpawenon
apparatus 10, showi ng the overall configuration thereof. Referring to FIG

1, the @Rl ﬁﬂtﬂef 1(53 g(;?’l b MBS SR IOhAHE Blst 9 R ER RS Eénﬁﬁg'xé HRABRY dpRed pﬁ* a

spi ndl e not or rrving a- wite-once type optica Isc 1°to revol ve,
an optical head 12 for igtradiating a |aser beam onto th i.te-qnce type
opt | cal CoRN angdhlary Shesd) i P (e NiaGke 2 BTV dol BArS Mitere e | ight dieflegfing, &
anplifier 13 adapted to generate a reproduction signal fromthe quantity of

t he retomdition hhs dietnged by¢hentadintion aftisser peamakitthratdesthars & preleternined
signals and so on and a 13 servo control section 14 that perforns various

servo ¢ | |cal | \; ' :
appar at Boveh B BB mala] 8'aE8 vty e DAERACLTN FIREGL Goldiion is
adapted tQ generate reproduction data of a digital data string,(bipar
si gnal )nlf'}ma@&gr PaggShare P1y eé@”&;ﬁ@?@ﬁ%é@] ¢ B ges f ation
processi ng on the

(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 lower-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 to revolve, an optical head 12 for irradiating a laser beam
onto the write-once type optical 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
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reproduction signal output fromthe head anplifier 13, a

nodul at i on/ denodul ati on processing section 16 adapted to carry out a 1-7PP
denodul ati on processing operation on the reproduction data output fromthe
reproducti on processing section 15 and a 1-7PP  nodul ati on processing
operation on the externally input recording information in order to

gener at cargi a QR ! ESHrol LrRfARhed fgt410l the
operatigﬁgﬁ)n:Pp%%%hthﬁﬂ%é@r&%de g@%é?ﬁ@ng t(gﬁt e record'lrﬁ% at a
(binary signal), output  fromthe nodul ation/denpdul ati on,pr.ocessing. section
16. FI Glizcirecordingfsprndustion ppparatissi Hh fapther Heonapsises 4 r%%hl?ﬂﬂa%g@gs is a
schematic illustration of the 2-group objective |lens that the optical head
12 conpgdction 15 Hlapedito gaheri@adprbdubtion dats effh digithl datarstrirgs@in2y spmabhbyd t o

oscillate and generate a |laser beamw th a wavel ength of 405 rimand a

2- group j.ectve 2 f - C . t

sem conﬁ%ﬂ”ﬁg +l§s%¢e?%io SO]F %@%ﬁi@%ﬁﬂ%&ﬁ@%ﬁ%ﬂ %(I)lnﬁ%f t he
LD control section 17 in such a way, that a wite strategy, of ir u:ildi ating a
si ngl e prpreducsiennsigedl ewprt dpma theclned Agphtiek lHa v ﬁ@ﬁam&wﬁ gupn, Ty
or irradiating a pulse beamfor n/2 or (n -1)/2 tinmes for formng a

recor di RehcBRdite Ser¥ibAd 6 adapted 96 barey ot & 1-VPPAenmdudationgeocelsing cperdtiomon S

adopted for pulse beamirradi ation. The operation of the LD control

section,l7 for.controlli e ' . . 4 Wi k| ey | bed

in gr eaftis TeREYdRC o‘ﬁéﬁg ﬂ@ﬁéﬁpﬁ@@sﬁﬁgﬁdﬁﬁwﬁp@%%méasgégqrié‘”rléuagao J?ect i ve

lens 22 includes a first lens 23 arranged at the side of the wjite-once

type opmiasulatinsprogessingsenssatipr emdheextamaliyi daprt recordinghinforspagionrin ordets

optical axis agrees with the optical axis of the lens 23, a |ens hol der 25
to generate recording data and an LD control section 17 adapted to control the operation

of driving the laser diode according to the recording data (binary signal) oufput 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
irradiating 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

14



for holding the first lens 23 and the second | ens 24 and a bi axi al

el ectromagnetic actuator 26 adapted to support the |ens holder 25 and nove
it both in the direction of the optical axis and in a direction

perpendi cular to the track of the wite-once type optical disc 1. The
nunerical aperture of the first lens 23 and the second | ens 24, when put

t oget hewmﬁed@ﬂﬁbéﬂﬁlg&aﬂarﬁbﬁ@}%réiﬁ@ﬁen Is equal to 0.85. The | aser beam
emtted fromthe sem Conductor |l aser 21 is converted onto the wite-once

type optical disg 1 as i sses At hrough.the tywo lense f t fi I Staal €NS
23 and the s&&ﬁ@%ﬁgﬁﬁ?%iﬁ%&?ﬂ@%ﬁ%ﬁ lps Wﬁlq%ér?s%%’ k223 1 gh
nunerical aperture of 0.85, the noving distance of the objective lens is
rel at i varrgngadeat|the sidecrfighe swritaianee typmopiical dlissl 1,apsecond lensc?4iprranged ini n
this enbodi ment, equal to about 140 m Generally, the tolerance to _

i ncl i nagh@ia Way tha Gts optical bl With tHeApthBAISeP e eI A 1eMiholdutey i cal

aperture is raised. The cover Tayer 1 a of the wite-once type optical disc

1lis d soal L out, . 0.1 nm,ixn der, to. secuye, for the optical
di 5o r BEGKAG ke reh s 23 ac 4B el e Aot Bkl Blefaomhen b tRAo
disc that is as large as that of DVD reproduction devices. As shown in FIG
2, the PRéadapthé forseppart thd lenvholders2S end oot both ihahe dirgatidrsof theldpticalt ed by
a collimator lens 27 and nade to sequentially pass through a 1/2 15
wavel engfi j ' [ Wi t4l 1S ot to
be used 9#«_1(@) raﬁh?c}?rapgﬁgft?g %%r??ﬁ%‘%%@gtscglﬂﬁ%g@%ﬁ g% kﬂlgo ntro cgrt?g? 0@ ngr%gﬁsscs P'a
havel engbh THMEEaLEeryre ShMAIET g 2APAdaF BFoTdRas Foothebai PaRleRio
circularly polarized beam before it is converged onto the

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 um.
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 laser beam emitted from the semiconductor laser 21 is

collimated by a collimator lens 27 and made to sequentially pass through a 1/2
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wite-once type optical disc | by the 2-group objective lens 22. The |aser
beamemtted fromthe sem conductor |laser 21 is partly reflected by the
pol ari zati on beamsplitter 30 and then |led to an eni ssion output detecting
fight receiving elenment 34 by a converging Ilens 33. The em ssion out put
detecting light receiving element 34 detects the intensity of incident
light. idavelag®cpla@®ui Qiffrattiors piRBhz €9 fR gelﬁ@rdﬁﬂg@ﬁﬁé%Foﬁﬁpbe @Bed fors0

that the output of the sem conductor laser 21 is controlled to show a

const an vel. he LD. contr ol ction. 17, The;intensity of LI
st ki ngorRiEigRlL) Bfebing B Kbt Hyof Fightts, dBBILRAICHE biamanity Sl o
regul ated by the rotary angle of the 1/2 wavel en%th plate 28. The |liquid
cryst al lighigherystad eleraenta3 t ameeat Hcweselength platee Bacforocyerting iaslivetalyt ed t o
generate an undul ated surface that is substantially equivalent to the
anount  ghlagiosPHeea 10 hokird1&ly SiiMidedabeafiebéld A i§ hnvbiedr S5tdCHE DY
the error in the thickness of the cover layer la. The voltages applied to
the respective el ectr.ode ontrol |l ed.by.the serv ontral section 14.
The beaRFHEPEEBug SEHGhaiol b TReE D Sy RETSHETe - TEE Rpes Reant ol
sequential ly pass through the 2-group objective Ilens 22, the 1/4 wavel ength
pl at e 3fofwthe ssomivenduictoy lasdriXeisrpaytlyp vdflectedebly teapolatizationsbeain splitter|39
pol ari zed beam and the liquid 16 crystal element 31 before it is reflected .
by the ' | AR5 i 18Qine'] reddivi SRS h a
converg?ﬁ%ﬁfégﬁgagg&é%d a &rrﬁ{mtnﬁjhfgens Sbg]g%}r? é‘rfllh eeé to a%%ﬁ?ﬁn{r,e erving
el ement, 37 for .signal .detection, which is a photoel ectri,c conyersion
ol emont 160 33 n THeduaPRoMP It ditestin et feomivig FSmeR i+ Setmerits averaly
push-pul | et hod

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 intensity 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
sequentially pass through the 2-group objective lens 22, the 1/4 wavelength plate 32 for

converting a linearly polarized beam. into a cifcularly polarized beam and the liquid

16



are used respectively as focusing error signal detection nmethod and
tracking error signal detection nethod. The light receiving el enent 37 for
signal detection is an elenent that is divided into eight photo detectors
A through H as shown in FIG E4. The focusing error signal (FE) and the
tracking error signal (TE) are conputationally detected respectively by

means OElgfs%g Bldhaht 62)be iﬁﬁkeﬂ%%&f%%@l%&o@e@%%ﬁiﬁ 3bheTResApLsS of

t he phot tectors A through H FE

Coo 11 c B 101586 TRl A SOVt onko 4o & aniidenh S8 pgH dhen sBp gt ne

sum of the photo detectors A through D and are given by fornula (4) bel ow.
Not e t hedcenling elementdifl faracigmah detestiot, witieh sepladosledtrio comgrsibn eRE)endr e
utilized whereas only | ow band conponents of the sum signal (SUM are

utilized. RF= can( AR : BT il t tions
are perfor md%ﬁﬁgﬁﬁggg’n &r%]l #g@rahi%%e%g@g%v%]ﬁggﬁh?joﬁﬁ%p%@a@%g{n@of t he
servo control, section 14 . s based on these signals.. The servo control

sect i onareAused respertivaly ap foqusmgssrrey %@ﬁgﬁe@%@ﬁm@ angh ¢ epPR signaly
error signal (TE) by neans of the sum signal (SUM and generates a control

17 si gndétebiyoropetiridi ndHedighg edceiviuly eletrernB7 fordsignind deteatipn tanesiément thhie
normal i zed signal. Then, It drives the biaxial electronagnetic actuator 26

e SRR S A A o ROISER o g, oo con o< the
SerVO et Ol etiing esror sighal (FE) and e tacking, error Signal (TE) are
computationally detected respectively by means of formulas (2) and (3) shown below on
the basis of the outputs of the photo detectors A through H.
FE=(A+C)-B+D) | ...(?
TE=(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.
RF=SUM=A+B+C+D e (@)
All the above 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
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revol utions, the sem conductor |aser 21 for the purpose of stabilizing the
out put power |evel thereof and the liquid crystal elenent 31 in the
optical head 12 for operation. The optical disc recording/reproduction
apparatus 10 having the above descri bed configuration operates in a nanner
as described bel ow for signal reproduction and signal recording. For

si gnal | I It :

e contiEgtioR Phefiing (St edif WifesfHier 2 B8 ARERMGER oh B nORRA A Sienel,
control section 14 erforps various servo control qgperatiQns necessary for
the si ghaenribgrvsihe E@WE@I@&W@}@E%@W@W %@H}:@F&@ﬁgﬁdﬁaﬁ?m@%ﬂ from
the head anplifier 13 is supplied to the reproduction processing section

15. ThetHeesural Glidrab apd @oafsisnthe Segtouprotiéctiver lehe 22t foapargptomiral akd
wavef orm equal i zati on and binarization on the reproduction signal (RF) so

as tor D ' ' '

Facor delPOg REntRf  CHH i RonhSTiRHYE Y, A% Ronkis iy SBRR RO Ror
fromthe reproduction processing section 15 is input to the

modul at reelasmsdiesenieonsiustos Jaser @ 1siex the purnese phabilizng the output power
nodul ati on/ denodul ati on processi ng section 16 denodul ates the input data

string ievebthefFfaRA tHEliiid 68/sta cleheeniB Ui el opticaEidadd 2(for gh¥tatimeul at i on)
conformng to the BD Standards and out puts the denodul ated digital

informati on tg, an _extetnal apparatu ' | .
recording i nfﬁ‘ﬁﬁ?ﬁ@h%ﬁ% B Ig{/)rpa@%ﬁlgtigr} E@a&%ﬁ Zﬁbﬁ@@&@%e 5P q@@al?eddi sc 1
is input froman external apparatus tq the nodul ation/ denpdul ati on,

pr ocess comfigretioroaperates The manmer ag desaribedrbelowaior signal wspeadkiction and signal 16
nodul ates the input signal in a manner matching to the nodul ati on net hod

(1-7PP {%}ﬂlﬁgl on)

For signal reproduction, the power of the laser beam emitted from the
semiconductor laser 21 is held to the reproduction level and the servo control section 14
performs various servo control operations necessary for the signal reproducing operation.
The reproduction signal (RF) output fiom the head amplifier 13 is supplied to the
reproduction processing section 15.  The reproduction processing section 15 carries out
operations of waveform equalization and binarization on the reproduction signal (RF) so
as to reproduce and output the reproduced data string (binary signal) recorded on the
write-once type optical disc 1. The data string output from the reproduction processing
section 15 is input to the modulation/demodulation processing section 16. Then, the
modulation/demodulation processing section 16 demodulates the input data string in a
manner matching to the modulation method (1-7PP modulation) conforming to the BD

Standards and outputs the demodulated digital information to an external apparatus.
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conformng to the BD Standards and supplies the obtained wite data string
(binary signal) to the LD control section 17. The wite data string
(binary signal) is input to the LD control section 17 along with its
channel cl ock and the sem conductor |aser 21 is driven and controlled
according to the wite strategy adapted to the present invention in

response 10 6 e Sodpbestteladn g OATRIEAR be rdlorddl on st figeser VO

control section vari ous-servo control operations and the
recordi ng positjon qn the i te-once e optical disc.1l i$,C0O | | ed
(addres'@’lpﬁé)li@&ﬁ]l[&é? 1§ dNpYfFOm AR SE 936?@%?50 %m&oﬁe@%@e-once
type optical disc 1 at the position that shows the predetern ned address.
(LD Conproeks saction Iow ThehmodulaBomdémodulation pradessing seatioa IéDmodntatas|
section 17 will be described in greater detail below The wite signal

that i Sﬁgngg{rlto Ei%ﬁélgﬁl b DL rn%tg]ﬁlglgttbocﬁe J:ﬁodcl}ggt&cgﬂ Bfetiist NRZPP th@tﬂaﬁorgn

Ret ur n- rse) signa 'S enco y the 1-7PP nodul ati

met hod and the cl qck_(channgl . cl ogk) qf the i.te.signal. The NRZI signal
that i sCeHeEAEE wyfhetﬁb %Imdﬁr%mff aéll?lgwsr@t?ﬁ%ﬂ%d é"‘gfﬁgﬁl"?é% SHIRS %n%fy
continuous identical code length that is equal to 2 x T at shortest and 9
x T at kipngly s theli®rcentrol sectibie 12y ¢ The efritt ketacdtdms € inaryaignal J1i9 iffhe to thehe LD

control section 17 fornms a recording mark having a length that corresponds

12 7pp b Pl Resath 49 e Bt B el e e GRUAIRRTERY grat

hereinafter), that is contipuously held to H a%gpae%d a, space having a, length
that  driven and controlled according to the write strategy ted to the present invention in

response to the write data string (binary signal). At this time, the servo control 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 po-sition 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 1-7PP nodul ated signal
that is continuously held to LON For this purpose, the LD control section
17 controls the |aser beam em ssion of the sem conductor |aser 21 in such
a way that the sem conductor I|aser 21 irradiates a |aser pul se beamfor
each part of the input 1-77PP nodul at ed si gnal that is continuously held

to H GH and r’t?ﬁéfﬁ%ﬁetL'I? cBHrSBsRAoR 17t rﬁé?cktﬁ!ﬁfu?% 8endtR\BAt fOr

each part of i nput 77PP nodul at e SI gnal th I's cont nuousl y held to

LOW FIGS5 is schemati ¢ bl.oc agra sect 1

showi ngcqrﬁ%epop&g @"Elﬁlmé%% é?archrp%ﬁ& tﬁgﬂ]ﬁ[ &%%ﬁ
control section 17 conprises a recordi ng mark/ space detectlng section 41,
a pul selg@iemavdulgtice ahéthad 4Q0 be pefesredpés templynesod y7RRe anodulaied signal a

| aser drive section 44. The 1-7PP nodul ated si gnal and t he channel cl ock

are inp e fhacar ki, Slga ; ' &%ﬁg di ng
mar k/splz‘ii%:eh%gE Qtt%ﬁggsg%tl uoﬁ%l&r é@?egfgﬁ@}ﬁﬁq]%e l‘i?aﬂnﬂé eac Hl%ﬁGlé—ﬂ£r part
of the 1-7PP duI at ed. si gnal at of ch the. 1.7PP
modul at 6¥TEPGA € HimpaGrahapt eHe p A g 6y 1 17RP M@P‘E Is
conmput ational |l y determ nes the recording mark | ength and the space | engt h

for thecattimessgdield ¢o JadWs. Firrths purposk; TRPLED dohtadlesbciogridl corsrods thienar y
si gnal and recording nmarks and spaces are arranged alternately w thout

conput a PR R, rRiGHY (g SEACRARR 1 P%ﬁfé%%mf&% t temiconductor

 section, 42 th K| dt
sect! O oser erauradlcel Vates a laser Sfﬂgé e 10 each Sarg o %eai'ﬂput 1578 modulated signal

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 diagram 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 drive section 44.

The 1-7PP modulated signal and the channel clock are input to the recording
mark/space detecting section41. The recording mark/space detecting section 41 detects
the time length of each 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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space | engths output fromthe recordi ng mark/space detecting section 41
along with the timng of the channel clock. Then, the pul se generating
section 42 reads out the pulse pattern information that corresponds to the
recording mark | ength of each of the recording marks and the space | engths
of the spaces arranged i medi ately before and after the recording mark

fromth #’:ﬁ%st ex Iy, | %rhebﬁkﬁ? [ bN@ re&d | for
a pul se%@%gntﬁg I ned %&Fﬂ% %J?gghgggltafebranﬁ nt ormat | or. S%lg pat trgrrfgjr?r%nory
section 43 stores waveform patterns .of pul se groups ul se ttern

i nf or mafABF) 2Rt §Racss éreg@ﬁ@ﬁ?g tew%ﬂyr‘@@&%&wg rrggo(r meﬂ&@&gﬁist%dr egard
to all conbinations of the recording mark I engths (2T through 9T), the

space Iﬁmhmlehgﬁsmmh%)umaﬁydethdm@ommuﬂ@lmmye space | engt hs
i medi ately after a recording mark. The pul se pattern information is

typically st ' er.sa: r £g] [ Y. tical
disc 1 and rggggy&& eg%egfegd?@?e%@}lﬁﬁ?l r%eFe%g t%?lnqe ﬁ%%gg%s%?t?%%%&%Sﬁﬂlgﬁ t he
write-once type, optical c 1is,munted in the optical disc

di .
recor di FRfcedengiaveuipghirapphedecrrding maddspage detegting segtiong ks along gyithythe
generates a drive control signal for the sem conductor |aser 21 so as to
pr oducetiafing 6f 8 chanpel ¢leckn | Tigkrs dtecpulse gbierating sectivatdereads oof thermalseon at
the timng of formng a recording mark. It also generates a drive control

2t the. B, AR5 UEBbond°f oF rEufihe, Ml Enfn BE 2R o7, 2R, 07"

| aser 21 is_controlled for its drive power |evel by three values inc]uding
a peak resprling mgrks sad the spase lengtds of rtge spasss armgged dmmediptely rhedereqmdy

mark, a bias |evel (Pb) and a cooling level (Pe). Thus, the pul se
after the recording mark from the pulse pattern memory section 43 and generates a drive

)

signal for a pulse beam defined by the pulse pattern information.

The pattern memory section 43 stores waveform patterns of pulse groups (pulse
pattern information) that are generated when recording marks are formed with regard fo
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 pattern 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 pattern

information at the timing of forming a recording mark. It also generates a drive control
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generating section 42 outputs a signal Pw that indicates the peak |evel
(Pw), a signal Pb that indicates the bias |evel (Pb) and a signal Pc that
i ndicates the cooling level (Pc) in order to express the generated signal
pattern. The three signals (Pw, Pb, Pc) output fromthe pul se generating
section 42 are input to the laser drive section 44. The |aser drive

sect i onsigfialfs thie Sephibehduteordhded 2 tsoab to bt £ BeAA OMiasGvedfat ﬂ‘ﬂﬁilhﬁ‘f
| evel s (peak | evel, bias I evel, cooling level) for the flowrate t he

ot A Bt o bRl PRy 45 o) 580 B

current control circuit 52 for controlling the electric current flow rate
at eachdudve pawer levekby tires valpgsiakludinga peak leyvel vl that is der teperding/pdwerand an

APC (Automatic Power Control) circuit 53 for regulating the flow rate of

the el egirfy d&@ércﬁﬁ%tﬂaﬂ&a%asﬂ@@e B%&tﬁd‘ﬁ%élﬁ{ leoslgPcy 1 RasQtifitse 0 the

f eedback signal” for sta I|Z|ng and control Ilngt e [aser powef odtput from

oscr | bEERTHTE SHaR A TPLS & sgrAL A ok il B Ronk ok Re L Sl 05,

with the electric current flowrate corresponding to the pulse pattern
gener at tuit rydicdtes thel lsies pynkb(Ri)iand & signaldie 4@t swlicates the domlingtienel (Pc) in

sem conductor |aser 21 irradiates a Iaser beam onto the wite-once type

opti cal Prd&ﬁ?cglpre%%héﬁélil drSedls the method of controlling the

power of Tirradi‘ating aser beam for a data wite operation (wite

chormt | eal | y THE ERiSE SIEBRCET4h F) SUlRs Ty e Rpitiesneating secuion 42 dre -
input to the laser drive section 44. The laser drive section 44 has a switching circuit 51
for selecting one of the three levels (peak level, bias level, cooling level) for the flow rate
of the electric current that is made to flow to the semiconductor laser 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 semiconductor laser 21 according to the
feedback signal for stabilizing and controlling the Jaser power output 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 electric 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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signals (2T through 9T) and drive signals that are applied to a
sem conductor |aser 21 when formng recording marks with | engths that

correspond to the respective signals. FIG6 is a schematic illustration of
a drive signal for a pulse pattern of recording mark wth a length of 2T
(2T mark) and FIG 7 is a schematic illustration of a drive signal for a

pul se patt.er f rnecording mark with a length of 3T (3T nmark), while FIG 8
is a si‘ﬁfsﬁ%@if%e@( ustration of a drive signal for a pulse pattern of

recording mark with a length of 4T (4T mark), F|.G 9 is a schenati
illustration waaﬂmme@mdiqjmntrﬂﬂmgatgwp&@r paiatafingd Tﬂﬁ@k‘: E‘Sr@rgaﬁ@- with

a length of 5T (5T mark) and FIG 10 is a schematic illustration. of a drive
si gnal Wfte%‘tlaé}ﬁﬁ&?(\ﬁﬁfetsﬁﬁ%g?jwﬁl@ﬁ_@ﬂ%dﬁﬁeﬂ&ig{eﬁt&ﬂeﬁm‘tﬂt@?ﬁ_ of 6T (6T nmark).
Simlarly, G 11 rs a schenatic illustration of a drive signal for a pul se

attern of r dj ma i th a t 7 F i a
gchemat ic ill 'aé %&“&E‘@MSW%@%N@P%B% I‘%‘&%@ gg&g%rt ?'Zrﬁlr? ﬂgﬁd%%?grdi ng
mark with a length of 8T (8T mark), while FIG 13 is a schematic
i | | ust r signals (2T thramgh@T )sanghdtive signalsthatsae saplied o arserbenducioy laseri2l wi t h

a length of 9T (9T mark). The rules for form ng recording marks with the

above | bv?feﬁ%ﬁﬁé%ﬂ%né RFkd withMdnbtRehgeseréped 6 thvrespédtivheipniler m ng

a recording nar ength of nl "x T (nl being an integer 23 not
7 oundedladnis & seeaiihie DuRaoR of Actvs SEa By e Sk Patem ofsPRpRaH Ak o'
the optical disc recording/reproduction apparatus 10 forns a 2T mark and a
3T mar kwath 4 leagthroft 2T @lematlgpaddfiG ¢4 a sthematichllusiration gif @ deiviesigrahfama a
pulse pattern of recording mark with a length of 3T (3T mark), while FIG 8 is a
schematic illustration of a drive signal for a pulse pattern of recording mark with a length
of 4T (4T mark). FIG. 9 is a schematic illustration of a drive signal 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 a length of 7T (7T mark) and FIG 12 is a schematic illustration of a
drive signal for a pulse pattern of recording mark with a length of 8T (8T mark), while
FIG. 13 is a schematic illustration of a drive signal for a pulse pattern of recording mark
vﬁth a length of 9T (9T mark).
The rules for forming recording marks with the above listed respective lengths
will be described below.

(1) When forming a recording mark with a length of nl x T (nl being an integer
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pul se beam and a 4T mark and a 5T mark on the wite-once type optical disc
| by two emssions of a pul se beam whereas the optical disc

recordi ng/ reproduction apparatus 10 fornms a 6T nmark and a 7T mark on the
wite-once type optical disc 1 by three em ssions of a pul se beam and an
8T mark and a 9T mark on the wite-once type optical disc 1 by four

em ssi Ofst ghalferRHhf 2),08Mke bédm EFG1/P ?hﬁ@s b, FHnY! Banyhe Bedoftidede

signal for the sem conductor |aser ld to a predeterm ned power

| evel (Rpeak,!evel and bs t Iovver ed to a cooling level (Pc).
To eth Ls@“ﬁ@éﬁpﬁﬁ% gpﬁgfﬁgﬁ%ﬁ ér(ﬂurallty of tines, the

sem conductor |aser 21 is drlven by repeating the cycle of a peak |evel
(Pw) and a chhirespedifieally, ﬂﬁc@pﬁdﬁbdmctrbemrdmé'epﬂmiucﬁmappm li0sfortme adr i ve
level for emtting a pulse beamvvlth power necessary for destroying the

organic 565@@ | as

t he coo% ngﬁlqde% Q?Pc |SOI?E}aet rive lev P%?gtr:mggsn% ?o |1£ﬁ!8 ltéh%ﬁj\;sm"ﬂc(i)t h ae t he
recordin rk an con n ach reco mark |.e channel
CF ook Bolsf Defiey A £ 4K anshrs e B WAt Ope eicdliznE by @ “beam
Is held to the bias level (Pb) for spaces. In other words, the bias |evel

(Pb) i semimsicisiofe pulsesheahnrwheredscthe iopGcalwhsmresomling/repreduiction appattus I0aser
beam at the peak level (Pw). The bias level (Pb) is 24 found between the

peak | ey, @%s(m eacﬁhti%lﬁp akl@%n'tﬁé’ﬁ)nté-gﬁ%ei P@g)ogﬁ@ﬁ cgwl 'Bget&feee iSgbn and

t he dura pu eam are contr dth during

g, op Seen o ol QS LR L i ey gt

drive signal
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 repeatedly for a plurality of times, the
semiconductor laser 21 is driven by repeating the cycle of a peak level (Pw) and a
cooling 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 discl, whereas the cooling level (Pc) is the drive level for controlling the width of
the recording mﬁrk 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
level (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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when the latter is made ON. More specifically, the optical disc ,

recordi ng/ reproduction apparatus 10 controls the timng of the rising edge
of each pul se beam and hence the position of the pulse beam in a manner as
descri bed bel ow. Assume that a pulse beamis emtted for mtines (mbeing a
natural nunber not smaller than 1) for formng a recording mark having a

certain JE’H ?é]ﬁl? ' FH.Q] LSt edge of the 1-7PP

nodul at £d s%e% g&%@éﬁé&glsm S tﬂ&@%ﬂ%ﬂ?ge%gt?lﬁ% mark is found at tine
TS. Note that the ting TS cqnes at tijmpg that, i s, synchronized wi,th the
channel ¢l ookl tBEen @ﬁuwonﬁ@t?@m%&ﬂ%eh%ﬁ%ﬁmmeo s
controlled by neans of the delay tine fromthe tine TS. The position of

t he t ai theetiidle palithalbarwhich the drivesigid daheld ON¢thiertivhe eddthyduringvehiclothet he
delay time fromtime (TS + {(m-1) x 2 x T}). No tail end pul se beam exi sts

or 1 ongBHEF beandf helt Ehe pflclelel and o GRRSEEe Reirk cdeR (f1Fe AAFE sftpal 07

ot her than the | eading pulse beamand the tail end pul se beamw || exist.

For a 6When thelsgerismeadsy@Nag nark, the position of the internediate pul se
beam or each of 25 the internedi ate pul se beans (the timng of the rising
edge) is contMurkefedificallyrenepticab disdascsrdinpdepridostion h?pmamm mar k

|l ength is 6T or |onger and equal to even nunber tinmes o t he channel clock

(e-0- 4T e of BEriEM33b0 B Aol FHARA ek (OPbLIH S8k Hlsetiim

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 because m = 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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ri sing edge of the second pul se beamis synchronized with tinme (TS + (2 X
T)) and the rising edge of the third pul se beamis synchronized with tine
(TS + (4 x T)), while the rising edge of the n2-th pul se beam (n2 being
an integer not smaller than 2 and not greater than (m-1) is synchronized
with time (TS + {(n2 -1) x 2 x T}). It on the other hand, the recording

mark | epgt.h,is 6.0 0 ~equal Lol f ]Itn?ﬁlg nnel

cl ock ( dn ,la%?&?ﬁ%%é%ﬁgsfla H%Pf%%l%gg%gg igcg%ﬂré‘[@n rao e é}?%at t he
rising edge of the second pul se beamis synchronized with tinme (TS + (T/2)
+ (2 x dgscribedibelow.ri sing edge of the third pul se beamis synchronized with
time (TS + (T/2) + (4 x T)), while the rising edge of the n2-th pul se beam

(n2 being an IMhes&ordii mARaEAgh id H8or 2ot andtequnleet eentrimdtber timek)of s
synchroni zed with tine %TS + (172) + ((n2-1)x2xT)). In other words, if

t he recgrdisn I K ngt he T .01 r 0, € | mes
of the ﬁﬁaﬂ}@%pgﬁfﬂggﬁe%nﬁtﬁﬁtﬁe ng‘g%ﬁ’?‘e%%ﬁ‘gﬁsﬁg’/% ?ﬂgp{rsos uc |00r¥1.%H z%p{aet us 10
makes the internediate pul se beamor each of the internedi ate pul se beans
start tusing edgeiofiteelsecond puilsei begns isnsymelionized with singenelH HdLe a9) e tehannel
clock. It on the other hand, the recording mark length is 6T or |onger and

equal t ﬂsiag%dge B ¢he ﬁuf@%ﬂﬁé bédf is iz&d Pét tirh8 €TO Rt (LCRIT)Yi while the

recordi ng/ Feproducti on apparatus 10 rmakes the 26 internedi ate pul se beam or

ol ay ooTPEOEeCY e R PHoR gt e phaecer s ekl ondh 2 4l B 1 o

control technique, the pulse beamirradiation intervals for formng a
si ngl e preaterdiam(orar Y inswnchainizedgnwit time @&t (mvall) ¥,2 X Bg)-eni ssi on cont r ol

circuit can

If, on the other hand, the recording mark length is 6T or longer and equal to odd
number times of the channel clock (e.g., 7T, 9T), the emission of 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 rising 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) +
{m2—-1)x2xT}).

In other words, if the recording mark length is 6T or longer and equal to even
number times of the channel clock, the optical disc recording/reproduction apparatus 10
makes the intermediate pulse beam or each 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 dise recording/reproduction apparatus 10 makes the
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be made to show a sinple configuration because the internedi ate pul se beam
or each of the internediate pul se beans start to be emtted either at a
timng synchroni zed with the phase of the channel clock or at a timng

del ayed by 1/2 cycle relative to the phase of the channel clock.
Additionally, the optical disc recording/reproduction apparatus 10

separ at fityrm&date plse Beth & EADIhe IMameate puldeehean! tiptlE bRttddala Conmes

after the tail end pulse beam Mre specifically, if the timng of the
rising edge qf, the 1-7PP modul atedsignal hat corresponds to the

recor di fgﬂﬁaﬁlayé‘?@}ﬁ&épcﬁfcgg{er e%éﬂletﬁ?‘g?ﬁﬁ’r‘?g&ﬁ?m?lﬁ@)%nd of the cooling
period that cones after the tail end pulse beamis controlled by the del ay

time from ti NatTthig ¢pntrel teplanigps, i thelputiesheane troadiatiay mégveldufor fomiagrar at us

10, the pattern nmenory section 43 stores the timng of the rising edge of

the Iea@ingga webm%hﬁ@k afd hélfQurfifoPiN9 AdGonAlly, tHiferhRbion RBAIrBLERGE &4t ON

time period of each pulse and the cooling ti after the tail end pul se as
pul se patterpn informat.ion for.all.c i nat yons, of the recoydi ng mark
gt ha Do e th RhRRHE Siwble caidlsericht Pesages e hisBue it DUIBC POt On SRef di ng

mark and the space lengths inmediately after a recording mark in a state
wher e t the in@ratedihto pulserbeams starteo be engitfad ither. at Bemifesymchicnizes witls $hebl e t o
accurately control the edges of the recording narks forned on the

write-o sl R ERirreRElolk BF afly it delayed By PRSSCM fldiReltT,

t ol eran@e or t%e posﬂ:]ioonafa |g[|5 ¥ te?n%%t §¥ ﬁ(«? puﬁsg&geam a g??g}es of

the length oi Ithl% pul se beam and reduce the recordi ng power |evel of the
| aser b €l CloCK.

-

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 equal to time Te, the timing 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 time after the tail
end pulse as pulse pattern 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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Specific exanples of the paraneters stored in the pattern nenory section 43
I nclude the delay tinme of the | eading pulse (dTtop9T), the ONtinme period
of the leading pulse (Ttop9T), the delay tinme of the internediate pul se(s)
(dTnp9T), the ONtinme period of the internedi ate pul se(s) (Tnp9T), the
delay tinme of the tail end pul se (T1p9T) the ON tinme period of the tarI

a1 or ey ot of € SRRl Rl oy A %‘%Q%B‘“(‘i%?ﬁctfg o)

system the channel clock frequency js, defined to be to 66 Mdiz for
the st anwassformedan the wigewncafipe optical dise desdbwadt ttScpqs et Eproya e er
rate of about 36 Mops. Additionally, the rates (tr, tf) that are achi eved

when a idibficd/fhies positidrd ditpiicamnehisfthe ?ﬁﬁblbeam ahidli erots abtheil@ith abthece are
limted to about 2 ns Therefore with the standard recording rate, the

time len t hat go nds 1 othat it is possible
to cont Pﬁtﬁsb re(i t?&%ﬁ%@%@h’@%ﬁ%&%ﬁw T/ 2 (which
corresponds to 7.6 ns) to forma recording mark. However, for double rate
(2 x) recor di Bpgcifit examatesaf thequamet@nmetﬁmyi nsﬂ@spattegh inBOIYBSPCNPE 430 t hat
the tinme length that corresponds to TO is about 3.8 ns and hence a hi gh
speed dmctifd@méeet thﬁe bEfHe [eRfing blsk (ETRPOT), the ONIHAW pRlod dfahe]

recordi ng, the I'engt h that corresponds to T/2 is about 1.9 ns so that

2. *ThERGF Lﬁf@ﬁ%ﬁwpﬁr %06 o e CoRP ORI Bl (A Dty e OFF sl "

effective to realize a h| gh transfer rate recordi nthhat I s double to
quadr upperio@bhthentermedibte milsefgdTopFDcthedictry tirae of 8te tail endipiidse (61531 ype
optical disc 1 defined for the BD (Blu-ray Disc)

the ON time petiod of the tail end pulse (TIp9T) and the cooling time after the tail end

pulse (dTe97T), 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 (i, tf) that are achieved when a
blue-violet semiconductor 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 beam with a time width of
T/2 (which corresponds to 7.6 ns) to form a recording mark.

However, for double rate (2 ) recording, the channel clock frequency is as high
as 132 MHz so that the time length that corresponds to T/2 is about 3.8 ns and hence a
high speed drive circuit is required. Furthermore, for quadruple rate (4 ¥) recording, the

time length that corresponds to T/2 is about 1.9 ns so that it is practically not possible to

28




system Mre specifically, it is effective when it is applied to recording

with a channel clock cycle T of less than 10 ns. Additionally, with the BD
system a capacity of 25 GBis realized for an optical disc having a

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

speci fi gakt sObeant REhBRISY i8R oft)e, | ength of a physical recording mark

that corresponds to 1T on the recording nediumis as small as about 75 nm
Therefore, a disc.of Lhe stemis.apt t e influen .b e history
of heat |11 adi AR BHe i ontisRb g s digiBirmraief BpmBBaftis ¥RSscbeed: ng
recording marks if conpared with discs of conventional systens such as CDs
and DVDezalign athigh trahsfer resevdcording dipatiis dbubledo quadaplaiiaiajivedprtbel staniland
apparatus 10 controls the pul se beamso as to flexibly change the pulse

beam emjz34 ?ﬁ’t@%ﬂﬁ?%iﬂﬁcgm%‘@pﬁ%ﬁsd eRRERed MBRBDVBIGSAY myée)i ve

recordi ng marks. Sti y, In the case of a wite-once typ

recor di ng, nedi t hat. .cqgnt ai.ns .organi ¢ .col oti mat eri al .as princi pal
| nor edi BRem;  Mare specifigalys fgS SfiErtis Wiy s apelicd § terodingevithé Goneh ons
of irradiated pulse if conpared with a rewitable recording nedi umformned
by usi ngloek phelsd afflessthan #@ns.di ng material so that it is possible to
optimally control the position of the front edge, that of the tail end edge
29 and the w . ] Iy e : 5114B
are schemati c‘gllH ﬂ&?ﬁgs’?’l gﬁgﬁoﬁﬁg&%:&e‘%@%@ ?g?at | véﬁ{eo | é’gﬁgc rre@?\lt of
pul se beam when doubl e spe recordi.ng i.s applied to wWrite-once e
r ecor di HEC hEUMEA @@meéﬁrm%rlégaﬂnb%aﬁp adlas<5 oA, SPRFES 954 Wagglsw%&f%ﬁﬁ
ingredient in the

nm and an objective lens with a numerical aperture of 0.85. With the specifications of

the BD system, the lengﬂl. of a physical recording mark that corresponds to 1T on the
recording medium is as small as about 75 nm.  Therefore, a disc of the BD system is apt
to be influenced 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 between two consecutive
recording marks. Still additionally, in the case of a write-once type recording medium
that contains an organic coloring 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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optical disc recording/reproduction apparatus 10 and the tol erance rel ative
to displacenent of pulse beamof the (n - 1) tinmes pulse irradiation

- schenme, which is the conventional pulse irradiation scheme. FIG 14A is
graph showing the jitters of a reproduced signal observed after recording
a signal, while uniformy changing the pulse wdth of the internedi ate

pul se or ach .of | ' e and that of the tail end pulse in
directi M&Wﬂﬁ%ﬁﬁgséﬁ%%?ﬁ‘gb%@@ (n - 1) tinmes pulse irradiation
schenme (by nunerically expressing the statistic values (a) of@a\ahe mar k
edge positi onﬂ@§%§pﬂﬂ&éﬁ5§rﬁﬁ§h¢mﬂl@ glsntionsook thect ce xgAthvReOot her
hand, FIG 14B is a graph showing the result of observation obtained when

conduct Bi@gla_ﬁerﬁbﬁﬂ dtﬁﬁﬂs’eﬂféﬁhﬂ%@ﬁ deabledpeédvecortin@ls agiplie@ %0 agvritbenoé Bpel nes
pul se irradiation recording nethod of the optical disc

recordi ng/ reprodugtion ar at us 1.5 £ ' . een
From F BeehE Ay CpRahg anRente oSlorind pEBBRE Mo el by o
apparatus 10 of this enbodi ment can realize a broader tolerance ,if
conpar edptidal hdishe recomdimgiteonodnctiyst apparatas t Her angd ethevitelerane wglativg s
pul se irradiation recording nethod of this enbodinent, it is possible to
sel ect g Bﬁ‘l]‘flﬁf WsvbedrB 6T thé Ph — ECnes palsk hhdiation SWRine GrvitioR s tHee peak
power I?\?Efﬁegﬁn t he 1gonvent I onal - %: ti mgs pul se irradiation schene. In
ot her words, .the recardi,hg net.hod of the present invention is effectively
under hfgRYEE d"-\?ﬁ?c‘m@ia gLERHFHS i ons that require a high output power
| evel for the sem conductor Ilaser. .

FIG 14A is graph showing the jitters of a reproduced signal observed after

k.

recording a signal, while uniformly changing the pulse width of the intermediate pulse or
each of the intermediate pulses and that of the tail end pulse in + directions from the
optimum value in the (n— 1) times pulse irradiation scheme (by numerically expressing
the statistic values (o) of the mark edge positions as displacements from the synchronous
clock). On the other hand, FIG 14B is a graph showing the result of observation
obtained when conducting a similar recording/reproducing operation, using the n/2 times
pulse 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 embodiment 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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While the present invention is applied to a recordi ng/reproduction
apparatus to be used with a wite-once type optical disc 1 that has
reproduction conpatibility with a BD (Blu-ray Disc) and contains an
organic coloring material as principal ingredient in the above descri bed
enbodi nent, the present invention is by no neans limted thereto and may

al so bfg@g@é géaﬁﬁ ﬁovbcg 1664 OF e EhrieMtids (1L 19HRRS puldeafradiafibn b8fende. In

bl ue-v em-conductor laser as light sburce’as well as to optical

i nformatjon regordi ng devices , that ,use a red sem conductor,l aser. i ian

i nf r ar eBtheEATAEH tﬁorﬁ%meggoiqpé e PrEFReIVERIN 13 Sﬂc Vebﬁ\'flgﬁ T %" s

al so applicable to wite-once type recordi ng medi uns whose recording |ayer
cont ai ngpeed retatiingadondiitions dkatprequins palgh ogfpatipewer. lepeldior thensentigonductor
recording pulse irradiation nmethod according to the invention is applicable
not onlﬁmgp wite-once type recording nediuns but also to rewitable type
recording mediuns in - order to realize an excellent recording/reproduction
per f or mance unde igh transfer, rate .canditions,. Then .it.is possible to

i mprove t he t}}ﬂ'é{% Preseat gIveption dnaprlicdrto R yecer ﬁqprgcmpttlgpr aratys Pne

| ength of the pulse beamin order to allow the recording power |evel of

t he | aspe ubehwithca heite-edec e opticsl dikd/B thatl hasAnpiodfictiorncompatitilior withg
device for witing binary data on a wite-once type infornmation recording

medi um ' r ] at.erd (P ) dfté%y i gl '
change Wtﬁgbﬁa&yglﬁfsgi gfrn?gg %1‘6 %@é\%%j??o%&?%g% ea% pl'i"irﬁrcgjgll ated \?\nhétoirlllel I ght
of not |ess than a predeterm ned power |evel, by form ng a conti Bﬁou& row
of recoths shpverdgsrabed pmbpdiment,fhe sesgRb myepHen i éﬁtnor d 2e18f% i on
has changed, and spaces,

and may also be applicable to recording devices of other types that use a blue-violet

semiconductor laser as light source as well as to optical information 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-once 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 laser beam to be reduced.
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whi ch are parts where the light reflecting condition has not changed, the
device conprising: a nodul ation section adapted to generate the binary
data to be witten onto the wite-once type information recordi ng nedi um
by nodul ating the input information; a |laser wite section adapted to
irradiate a | aser beamonto the wite-once type information recording
medi um novi ng the position of the | 63 Meam i rradiation spot relative to
the wite-once type information recording mediunm and a control section
adapted to control the |aser wite section according to the binary data
and formng a row of recording marks and spaces corresponding to the code

string of, the bjnary data: the,.nodul ation seetion bein 0 t t , I f
the chanrel ol duk HyEREGH richBufg s’ (R ilg Bhary B OF o AR Flb<l G
informati on such that the shortest identical code I|ength of the binary

data is rinformetientiegarding medivime having @ rensedingnmisésring het givgst e ti9a@n32
when formng a recording mark having a length of nl x T (nl being an

i nteger ipglersied &gizolrg% et hgh@reﬂe%tﬁ%aﬁﬁm@ tHed PR BraRiited Wit light of

wite-once type In mation ~recordi mediumfor nl/2 tunes (decinals, if

ongt b oSS AR PRSI MY EVepBY G et CHTOIE OIoP SHATTEE.

than 6), a pulse beamis irradiated onto the wite-once type information

r ecor di ngnanksj whidhoarenpdr®s wibeees thei lightatefflectirg icondition diast hapged earise spases,

synchroni zed with the phase of the channel clock except the |eading pul se

beam and §fieh are parts where the light reflecting 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
string of the binary data;

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

the control section being so adapted that

32



tail end pul se beats, whereas, when form ng a recording -mark having a

| ength of not smaller than n3 x T (n3 being an odd nunber not smaller than
6), a pulse beamis irradiated onto the wite-once type information
recording mediumfor (n3 - 1)/2 tines with all the internedi ate pul se

beans del ayed frgmt hase of ..t he channel clock by T/ 2 e t the,leading
pul se beam and V@WQ @ﬁ‘?ﬁ“&%&e%ﬁﬁl@% I%%gihavgl_g %H@&l&f eﬁﬂ écrgr()éﬁ%q%)m?:@?%ﬁrl,
wherein the control section changes the em ssion tinme of the pul se beam

t he cool i mgt simeadlenfthar 2),he palteslstanm is imadiptedi drito rthe fwititeeoriceatyipe gnfqrmatien
beam and that of the tail end pul se beamas a function of the length of the
space i mygg I : i i ny
recordi ng marr Eﬁ]%?fﬁ e%ﬁfa{e){/()?(rzl g@é‘@g?meﬁgnélgﬁg %&é%@&i% ,r %%ﬂeﬁ]&ﬁaéﬂ

nmodul ati on sectign enerates apn NRZI  sigpal ﬁhat if encod&d by the 1-7PP
modul at i on et hEHENAOTRINES recordipg spak Mgving & legih of not gpaller thwendihTi(ma
channel clock cycle T of the binary data is less than 10 ns. 33 5. A

devi ce acdbeingj apeton ranybanst efmatlbrihes 6), 4 pulde bedigrieirndidted bagethehad@once
enmtted fromthe laser wite section has a wavel ength not |onger than 415

6 A | Y o bi :
wri te- ono i R LTINS Bingh it A 8L BB o8 prn
that gives rise to an irreversible change to the |i giht reflecting

condi ti onSyp@renizedmath thephaseobtheghennelicionk excepiibe leasing phlsa beam and the

predeterm ned power |evel by formng a continuous row of recording marks,

whi ch aretﬁheﬁépmbmh@héﬂemt reflecting condition has changed, and
spaces, ,

o

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 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 leadﬁg pulse beam
and the tail end pulse beam.
2. A device according to claim 1, wherein the control section changes the emission
time of the pulse beam, the cooling time after the emission, the posiﬁqn 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 I or 2, wherein the modulation section
generates an NRZJ signal that is encoded by the 1-7PP modulation method.
4, A device according to claim 1, 2 or 3, wherein the channel clock cycle T of

the binary data is Iess than 10 ns.
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whi ch are parts where the light reflecting condition has not changed, the
met hod conprising: generating the binary data to be witten onto the
write-once type information recording nedium by nodflating the input
information; and irradiating a | aser beamonto the wite-once type

| nfor matipn T egoiLiing ARGHdHL to R Whel BE RARLS 1 A0 8 vitEeAARE IARF Ream

i rradiati'on spot relative t10"the ite-once type information recording
medium to forma row of recording marks and spaces _corresponding to the
code st riengitisd from therassr Weitaseatinn has dwavelongth sobtengey thes Ada Bei ng so
adapted tha~t, if the channel clock cycle of the binary data is T, it
modul at es6.t he iAwiifolrbenrasdopding wasthod ifet wittieg it adita b eMviiebn&PeHe

|l ength of the binary data is not less than 2 x T, and that when form'ig a

recordi ng,.RaLk,.-havj enghh of, nl x T (nl ing.an- i at eger not snaller
than 2), q%mpu g@b@%&%i@?@%tﬁ%t% ré?%d%%i j%}?ée{ﬂﬁgkv?snir’éf’ iBn 34
recording mediumfor nl /2 tinmes (decimals, if any, being to be rounded
down) andirevigrsible ehangedo dhe bight wiflegting eandition tpreofl whept hrasfated withnghtert
than n2 x T (n2 being an even number not snaller than 6), a pulse beamis
i rradi at et Qedsothbi e, PredeRrRnRd péwaeleval By %ﬁhﬁ% 4 eRfitliig Rdbp %é&aingﬂ 2
tines with all the internedi ate pul se beans synchronized wth the phaSe of
t he channgl ;cl ek ;except .t he | egdi ulse.beam and the .tail.en ul se
be- am V\/r]fg?rgé’sw%\]lﬁbeﬂmf L ngeae a'éecﬁgbﬁo St Cﬁ%&ihﬂﬁ has) chiageed. and, spaces,
smaller than n3 x T (n3

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 sfring of the binary data;

the information recording method being so adapted that,
if the channel clock cycle of the binary data is T, it modulates the input information such
that the_ 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 onfo the write-once type information
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bei ng an odd nunber not smaller than 6), a pulse beamis irradiated onto
the wite-once type information recording nmediumfor (n3 - 1)/2 times with
all the internediate pul se beans del ayed fromthe phase of the channel
clock by T/2 except the |eading pul se beam and the tail end pul se beam 7.

e <si on el PR Frdl T Bupes (oo iRy, Song SpebiheRa dSuR &addn e

position of the |eading pul se beamand that of the tail end pul se beam as a
function of thewhemfarining atrheordpngcmaitnheding depgthafford saradler thean ¥ xtHhén2
space imedi ately after any recording mark. 8. A nethod according to claim

?re'? Lo?j’ i \é\&gjé igira ae? gr(]i H@E;{‘Ibf ﬁ%&r}glg%qegﬁ aéiné)é tﬁ ret%% g%agpirée‘i?ﬁgl %eéiiz(grg? | ngjr?éo_bg aim
Chan 10 ri¥PS TDRiGR FRGRLER CordiAor Bopmen 1 ral s e Bt oouli e
the | aser beamemtted fromthe |aser wite section has a wavel ength not
| onger t heymchddhized witd She phase of the channel clock except the leading pulse beam and the
tail end pulse beam, whereas,
| when forming a recording mark having a length of not smaller than n3 x T (n3
being an odd number not smaller than 6), a pulse beam is irradiated onto the write-once
type information récording medium for (n3 — 1)/2 times with all the intermediate pulse
beams delayed from the phase of the channel clock by T/2 except the leading pulse beam
and the tail end pulse beam.
7. A method according to claim 6, further comprising
a step of changiﬁg the emission time of the pulse beam, the cooling time after the
emission, the position of the leading pulse beam and that of the 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.

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. VA method according to any one of claims 6 to 9, wherein the laser beam

emitted from the laser write section has a wavelength not longer than 415 nm.
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