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(57) Abstract: An optical disk device capable of preventing the erroneous recording or erroneous deleting on/from other information
w={ surfaces different from an information surface in recording during a recording operation to an optical disk having a plurality of layers
€7} of recording surfaces. A focus monitor unit monitors for an increase i foeus error signals, or a reflection light quantity monitor unit
Sl_: monitors for a reduction in reflection light quantity or detects moved layers of information surfaces during recording. Based on the
v={ monitored and detected results, a light intensity control unit lowers the intensity of a light beam to that for reproducing, In addition,
& the light intensity control unit, when signals are recorded over a plurality of layers of recording surfaces, lowers a light intensity
O temporarily to that for reproducing and then moves a layer kept track of by the focus of a light beam before a light beam intensity is
B again raised to that for recording.
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M of recording surfaces. A focus nonitor unit nonitors for an increase in
focus error signals, or a reflection light quantity nonitor gﬂ%t noni tors
for a reduction in reflection |ight quantity or detects nove @?E@QO%f

i nformation surfaces during recording. Baded on the nonitored and detected
results, a light intensity control unit lowers the intensity of a |ight
beamto that for reproducing. In addition, the light intensity contro

unit, when signals are recorded over a plurality of layers of recording
surfaces, lowers a light intensity tenporarily to that for reproducing and
then noves a | ayer kept track of by WESCRIRIHON a |ight beam before a

| ight beamintensity is again raised to that for recording. 1
DESCRI PTI ON Opti cal Di sk Device 5 March 2004 FlI ELD OF THE | NVENTI ON The
present invention-relates to an optical disk device for recording data in
an optical disk having plural |ayeP@tisel sk Devigees. BACKGROUND OF THE

| NVENTI ON Technol ogy for high density recording for an optical disk is

i ntensively devel oped recently. For high density recording, the disk

having multiple data |ayers is ! tﬁw or an existing digital
.versatile disk (DvVD), a two-| §%1L‘h25§y¥gﬁ I rﬁgﬁal ready standardi zed.
Recently, recorda = |.ay b ei ng devel.oped, which are.,
expected to enhan?gﬁg&)\rﬁg%%r& (]lIS ﬁsﬂ"é@ﬁr@ﬁtﬁ?sg? a&n()p&bcla?(‘}éﬁi paige fomegoording | v
An optical di gkt208VASSptehNgisi i SviheG j xpl ai ned bel ow with
referring to the draw Rgs. %ng%nﬁg(ﬂgﬂ%#ggﬁe%g ‘gﬂgdréa%%pgﬁgt\?\?'ng a schematic
configuration of an conventional optical disk device. An optical disk 1

has plural layers (two |ayers for this exanplte for sinplifying -an
expl anation), and signals' BAGKGROUND OF THE INVENTION

Technology for high density recording for an optical disk is
intensively devgloped recently. For high density recording, the disk
having multiple data' layers is extremely effective, For an existing digital
versatile disk (DVD), a two-layer play-only disk is already standardized.
Recentiy, recordable two-layer disks are being developed, which are
expected to enhance a recording capacity of an optical disk substantially.

An optical disk device using this technology will be explaine&'beiow '
with referring to the drawings.

Fig. 7 is a block diagram showing a schematic configuration of an
conventional optical disk device. An optical disk 1 has plural layers (two
laj(él.js for this example for"sir_nﬁli_ﬁdng-an explanation), and signals are
recorded on a data piane of each léyer. A mdtor 2 rotates fhe O];;tical disk
1. An optical pickup 3 includes an optical system for focusing a light
beam on the data plane of the optical disk 1 with an optical system
composed of a semiconductor laser and a lens, and a photo detector for
detecting a reflected light. A light intensity controller 4, upon recelving a

light intensity monitor signal from the optical pickup 3, compares the



recorded on a data plane of each layer. A notor 2 rotates the optical disk
1. An optical pickup 3 includes an optical system for focusi ng a |ight
beam on the data plane of the optical disk | with an optical $)&f®m004
conposed of a sem conductor |aser and a I&ns, and a photo detector for
detecting a reflected light. Alight intensity controller 4, upon receiving
a light intensity nonitor signal fromthe optical pickup 3, conpares the 5
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beamin the radial direction of the optical dis ocus e rsignal

detector 7 delimutinate thadave plaspldadeespticdlatidken tAerfasHs Muhls &1 aht
beam and data pl ane of the optical disk dependi ng on the output of the

optical pickulisgacenthd fruesfdhedigist beamrin thegrelial irkesivh oTARL @il 8
processes the focus error signal with a filtering, such as phase

conpensat i on dégk [low 4 feepreprsprovigpehsiatédior TAdetdets arrddativé \Gisplabembag us
actuator 5 d%pendi ng o% the output of the focus controller 8. A tracking
error signal Pgkweer dhe focurepbthe lightdesmn vmd datpplanenefithdeptiedndiskel f ocus

dependi ng- on EREDEELE the GHBTH A LBaIoANEEk BAIBID Sranddsntrs & eowsontra
win et eRyY SaHo SRabRIE BoRedieRer She bibs rersquengRal with a O
compensat | on aykBse R ERd Sk A5HR Bhn el SRS e s £
dependi ng on driiRr® Hfives the fBEud hBGIHLEE AP RIihE on the 8Y¥§Tut of the focus
controller 8. A tracking. error signal detector 10 detects a relative
diéplacement between the focus of the light beam .and a track on the data
plane of the optical disk 1 depending on the output of the optical pickup 3,
and issues a tracking error signal. A tracking controller 11 processes the
tracking error signal with a filtering, such as phase compensation or low
ﬂ'eguency compensation, thereby making the focus of the light bearﬁ to
follow the track of the optical disk 1. A driver 12 drives the tracking
actuator 6 depending on the output of the tracking controller. A lé.yer
move controller 13 receives the focus error signal, and moves the focus of |
the light beam frqm the data plane of the layer presently followed to the
data plané of other layer. A selector 14 selects aﬁd issues either the
output of the focus controller 8 or the output of the layer move controller
13. A tracking monitor 15 monitors the tracking error signal, and issues
a light intensity reducing command signal to the light intensity controller
4,

An operation in the conventional optical disk device having such



nove controller 13 receives the focus error signal, and noves the focus of
the light beamfromthe data plane of the |layer presently followed to the
data plane of other layer. A selector 14 selects and issues &iMaeh 2004
output of the focus controller 8 or the ogtput of the |ayer nove controller
13. A tracking nonitor 15 nonitors the tracking error signal, and issues a
light intensity reducing conmand signal to the light intensity controller
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normal ly in aspdowad T1l, and tracking control fails in a period T2. The
tracking error signal is conpared with. a specified reference th3. The

light intensity reBliginghowmasidchingrairot eiteias sidea isRtinkdH SHF '&éc?uéeﬁgn- it
an

is. at lowlevel. Fig. 10 shows the relation of a cross section o
optical disk doaminagd signal atette oioment oplbaneasd, a ftogetinposidti6indaé tohgn
corresponding |ight beam' and the focus error signal. A first data plane
S1 and a secdirdernaladptyrkans) onrabraiden.c dThpatracking coivsohrisep&fofingd 10
shows an.objective |lens condensing_ the |ight beam of which focus foll ow ng
to the first 2PF AR perio T1, and tracking control fails in a period T2. The
tracking error signal is compared with a specified reference th3. The
light intensity_ reducing command signal lowers tHe light intensity when it
is at low level. l
Fig. 10 shows the relation of a cross section of an optical disk having
two layers of data planés, focal position of the corresponding light beam,
and the focus error sighal. A first data plane St and a second data plane
52 are located apart by a distance D. Fig. 10 shows an objective lens
condensing the light beam of which focus following to the first data pléme
S1 and second data plane 82. The waveform of the focus errdr signal is
an S-shaped waveform E1 when the beam passes through the first data
pléne S1, and is an S-shaped waveform E2 when the beam passes through
_ the second data plane S2. The reflectivity of the second data plane S2 is
..usually set lower than that of the first data ﬁlane S‘l-b.ec.:ause the light
beam has to pass through the first data plane when recording or
reproducing. Therefore, when passing through the second data plane S2,
the light -beam has an amplitude of the S-shaped waveform E2 slightly
smaller than that of the S-shaped waveform E1.

Fig. 11 shows the waveforms of the focus error signal and focus



Si and second data plane S2. The waveform of the focus error signal is an
S-shaped wavef orm EIl when the beam passes through the first data plane Si,
and is an S-shaped waveform E2 when the beam passes through %Marcb@86hd
data plane' S2. The reflectivity of the sgecond data plane S2 is wusually
set lower than that of the first data plane S1 because the |ight beam has
to pass through the first data plane when recording or reproducing.
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and a deceleration pulse P2. The light beam ITst data

in a period THeamifollbhe the @it @htopkariehiar o peERAArHadid Bh ' w@etf od
T3. In the period T2, the beam nnvgiafrorr?%’t he first dat%eg?ﬁfeo@o tHee

second data pdemnnd ddbeplamenr dipegiocdlaTa. oIn the pesibd T2, ke Warh igowisStéody t he
focus control system has the focus of the Iight beamfollow the data pl ane
of the opti ciie farstidata plwne thtle pecropdsdntatglanéocus error signal detector 7
detects the relatjive displacenment between the focus of the |ight beam and
data plane of theWdisn sepording data omdthe alatecpianeoof the | disksl ptive dsaes t he

Compensat | on. oM Seplash dias Hhedaris oLt BEbubBEE ToUb Heo debnpiaid of g,  and
b e Focac i Tabie s, | PEHIHAHURIQL, Bhe AT ervor slgial detSoror ¥ fkecidy > ©™
| the relative displacement between the focus of the light beam and data

plane of the optical disk 1, and the focus controller 8 processes the
displacement with a filtering, such as phase compensation or low
fréquency compensation. The selector 14 selects the oﬁtput' of the
controller 8, and the driver 9 drives the focus actuator 5.

Then, the fracking control system has the focus of the light beaﬁ
follow the track on the first data plane of the optiéal disk 1. For this
purpose, the tracking error signal detector 10 detects the relative
displacement between the focus of the light bearﬁ and track on the data
pléne of the optical disk 1, and the tracking controller 11 processes the
displacement with a filtering, such as phase compensation or low
frequency compen-sat.io.h. | The driver 12 drives the ffacking actuator 6

The light intensity controller 4 receives a light intensity monitor
signal from the optical pickup 3, and compares the monitor signal with
and a predetermined signal, and drives the semiconductor laser of the
pickup 3, thereby controlling the light beam intensity to a necessary le\}el

for recording.



follow the track on the first data plane of the optical disk 1. For this
pur pose, the tracking error signal detector 10 detects the relative

di spl acenent between the focus of the |light beam and track ord Maeh@804

pl ane of the optical disk 1, and the tracking controller 11 processes the
di splacement with a filtering, such as phase conpensation or low frequency
conpensation. The driver 12 drives the tracking actuator 6. The |ight
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recorded in an -0Optical y various techniques such as a

(PC) recor diﬂ@ordiﬁ?,nﬁiagﬁéméioﬁﬁhai A0y ecdidy) aﬁ@g%igjfﬁiﬁgﬁt OFGNEH! g 1D

any technique, the Tight intensity is raised in a rece an I’n a
reproduci ng, saryd techreqpes sherleglof ihtensine 9§ diafded ihM i FchbRBinkeERAsl IR0 8

region nust be raised. Actually, when recording a signal, in PCrecording,
the light intepsedycingsantea rethpextburedePehdi Rgopdinghfilsi gnahe wRerdingMO
recording, the |ight intensity is required to nodulate (light nodul ation
met hod) , or asgHppIvstbrugiseti c Actwally, ivehererpbording a sigiil] it BC(eagriihizc
depend ng. on HRIENGRLHSIS Fott dpaetniated aperding on the signasoend i MOho
| nvention, aqrceichr 'ﬂg,t the Qllg%: r}% elilsr{tyg ?é %‘ie!lilireg_i to modulate (light modulation
method), or an applied magnetic field is required to modulate (magnetic
field modulation method) depending on the signal. Such modulation
process depending on the signal 1s not directly related with the purpose of
the invention, and is not explained in detail. |
During a recording operation, the tracking control may fail due to
disturbance or vibration, defects on data plane or protective layer surface,
flaw, dust deposits, or influences of other physical defects of disk, énd
‘thereby the focus of the light beam may be dislocated from thé recording
track to be focused. As a result, the temperature of the recording film in
a recorded region may climb up, and data may be recorded or erased
incorrectly. In the conventional optical disk device, thgr_efore, the foliow-
up.erx"or'o'f tracking control is always ur'nonitored during fhe re'cordir'tigr
operation. When the follow-up error exceeds a predetermined level, the
light intensity is lowered to that not for recording in the optical disk,
usually to a light intensity for reproducing.

This will be explained with referring to Fig. 8 and Fig. 9.

As shown in Fig. 8, based on a relative position of the focus F of



During a recording operation, the tracking control may fail due to

di sturbance or vibration, defects on data plane or protective |ayer
surface, flaw, dust deposits, or influences of other ph_ysmeﬂ Mdeshe004 of
di sk, and .thereby the focus of the |ighg beam may be dislocated fromthe
recording track to be focused. As a result, the tenperature of the
recording filmin a recorded regi on may cllnb up, and data nmay be recorded
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explained with referring to
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an S-shaped tracking error signal 1s o

in Fig. 9, whenthid@efioduP2AnCPig. &;tthe fraklkfns otide sfléﬁ rEﬁ'&.eest Lagks 9

error signal becones nearly zero. "Wien goi ng out o tracking tontrol due

to an infl uenstapeid dlgiaﬂrﬂsag@@emlte& Ilephabicdly @ﬁeﬁ@@%thé rfoédlﬁc%”séé’%hgz in
Fig. 9, the tracki ng‘herror signal increases, and a S shaped signal is

gener at ed r epwackd| Yhatendsiog mhmtbndﬁszompm'SESBhé eackingekror Bigndlr siekiang
nonitor 15 conpares the tracki.ng error signal and a predetermned |evel

th3 in Fig. g)rememde}av@l thogim Figx Seehemdhel enror fsug'ti’ahl é}hged@rtlhbﬂ] 15
j udges that th ng contrql fails or is about to fai and set's e
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| i ght |nten3|t ontrolle rst e tenS|ty of the Ii eamto e
regr oduci ng | gy\fgﬁ apg SIE%: ‘('h‘bhgg thfengy Pﬁ‘é‘g] qogpRangdsagRglitp a low level.

‘As a result, the light intensity controller 4 lowers the intensity of the light
beam to the reproducing level. In Fig. 9, even after the light intensity
reducinig command signal is at the low level, and .after the intensij:y of the
light beam is 1owe1‘ed, the tracking error signal is not lowered. This is
because when the device lowers the ﬁght intensity to the reproducing
intensity, simultaneously, a gain corresponding to the signal detected from
the optical pickup is raised corresponding to the drop of the light it;tensity. '
This is an ordinary process, and is not particularly shown in thé diagram.

By this operation, before the focus of the light beam goes out of the
tafget track, the intensity of the light beam is lowered to the reproducing
intensit_y. Therefoq:e~ if failing tracking éontrol due .to disturbance,
vibration or physical a_efect on the dlSk, the device pfevents data from |
recording and erasing incorrectly in adjacent tracks:

In the case that the conventional optical disk device records data in
an optical disk having plural layers of data planes, if failing a focus control
due to disturbance, vibration or physical defect on the disk, the device may

record and erase data incorrectly in the data plane on other layer. For



reduci ng command signal is at the low level, and after the intensity of the
light beamis |owered, the tracking error signal is not |owered. This is
because when the device |owers the light intensity to the r edr Maneb 2094
intensity, sinultaneously, a gain corresponding to the signal detected from
the optical pickup is raised corresponding to the drop of the |ight _
intensity. Thi s is an ordinary process, and is not particularly shown in

t he di agram (i operaﬁl oag before the focus of the Iight beam goes out
of the targr&c 1&8@“%%13 Aay¢sp, Hthe Aightibgham fedlawing d lawer esbtes tohe

nsity. .Therefore if failing tracking control due . to
(rj?g'[ S(rjggln(r:]g th\g ﬁ?&?‘i éﬁn&g ‘Eﬂﬁ‘?ﬁ‘iﬁ’é@l theoflata, ‘%W geracel ingay reom:dsism efaqm{Sﬁvent s
din d.erasin correct i.n adj acent tracks n e
case that t HETAJROBHEFDALR opte daM reitbaclale s met i@ dadite heneicarsagh ca
of dat a I f . failing a focys contro ue
'(tj l)SI(;I 2? \ljlrggnr@gé%%% &{W&'ﬁ r“}%éﬁ’@aﬁa@?eﬁ‘e@lme@ %hl rgferning tadligcdOnay
record and g éj fja incorrectly in the data plane on other |ayer. For 5
March 2004 7 reco glng data in plural layers, if the Iight beamfollow ng a
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records or erases data In In a reglon
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with referring to Fig. 10 and Fig. 11. For recor |ng I'gnal’s "on Sfirst

data pl ane Shomeas, thwlight behigis alkd(Mittéd €0 tRE Wecdtd HQE‘a #)'1%1‘3% PR

follows the first data plane S1. At this nonent, the 1igh mis also
emitted to tsiecethefigstdate plareSShndutcond data pmefgz sire daateR! AatS1 and
second data plane S2 are located apart from'ddch other by a distance D,
the |ight bé:g‘?ﬁltﬁ?@b atber byeudistande B the light beam does not focus sufficiently
on the second data plane S2. Therefore, the quantity of light per unit
area is small, and ;che temperature of the second data plane S2 does not
rise to the recording temperature, and there_fore wrong recording or wrong
erasing of signals does not occur. Sirﬁjlarly, as shown in F1g 10(B), when |
the focus of the light beam follows the second data plana S2, the light
beam does not focus sufficiently on the first data plane S2, and therefore
wrong recording or wrong erasing of éignal does not occur on the first data ‘
plane S1. In the case that signals are recorded on the first data plane S1
as shown in Fig. 10(A), if the focus control is disturbed by disturba.ﬁce,
vibration or physical defect on the disk, as shown in Fig. 10(B), the light
beam may focus nearly on the second data plane S2.  In this case, signal
may be recorded or erased incorrectly in the second data plane S2 where ‘
the signal is not intended to record. Even if not reaching a state in Fig.
10(B), if slightly approaching from a state in Fig. 10(A) to that in Fig.
10(B), the light beam has a small spot diameter on the second data plane

82. Accordingly, the light beam has the quantity per unit area increase,

the temperature of the plate rises, and thus, recorded data in the second



on the second data plane k. Therefore, the quantity of light per unit area
is small, and the tenperature of the second data plane S2 does not rise to
the recording tenperature, and therefore wong recordi ng or Virldagh2804si ng
of signals does not occur. Simlarly, as ghown in Fig. 10(B), when the
focus of the Iight beamfollows the second data plane S2, the light beam
does not focus sufficiently on the first data plane S2, and therefore

di R ' f_Si .. d t the fipst dat
plane SI. I n (R PIS PRApad b deliagid DL dBrACOR AN pREraping. pllife S1
h I n Fig . | t ' | sturb . dj,sturb ,
i bration or peyLroofdation b BYRHFRFEMY Ghebiin b feninedin e S4B | g
b f t o ny t i Si I
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the signal i stiofirdti-88988ns &112686F LE ;RQL. hing a state in Fig.
10(B), if slightly apprggclrlﬂ ng fron%ﬂaz;i @%&gb?ﬁﬁ%}%?&%u\) to that in Fig.

L0(B), the |ight bpdramoordimg! lsigRdl ¢haBRbelafést NRBEEORb dRbrdthane

S2. Accordingly, the Iight beam has the quantity” per unit area increa

the tenper at uoperationh thplight beaaehasahd fohiusnedBEORIRE Mokt dddspmaeond 5
March 2004 8 data plane S2 may be damaged by incorrect recording or

erasing. The ofstheilager bgiegdbllowedey the data phsmeon wiber Bgea | Bigl etehe®d i n
the second data plane S2. In.this case, a disturbed focus control has the
signal., in t#e expmplenftalgremmoging smetbddd dn epasied Thetlrer foctb wf thben

recordi ng si s.int | ayers during the recording_ operation, the |ight
beam has the%&h?eﬂ% Grsdhe ﬁdrussrﬂ%%ﬁeplaa@ash adé this mementydre fasusg
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second data plane S2, the device makes the selector 14 select an output of
the layer move controller 13. The selector opens a focus control loop,
applies an gcceleration pulse P1 as the focus drive signal, and makes the
driver 12 drive.t'he‘ focus actuator 5. As a result, the focus of the light
beam moves in a vertical direction against the data plane of the disk 1‘
nearly to the second data plane S2. When the light beam focuses nearly
to the second data plane S2, an S-shaped focus error signal is generafed.
The focus error signal is compared with a predetermined refeience level
th4, and then, a deceleration pulse P2 is applied as the focus drive sigﬁal.
The focus of the light beam accordingly moves slowly. Then, the selector
14 selects the output 'of the focus controller 8, thereby closing the focus
control loop. With this oﬁefation,- the focus of the Light beam moves from
from the first data plane S1 presently followed to the second data plane
S2.

In this operation, the focus control loop is once opened, and
therefore the tracking control loop is opened at least once in this period.

That is, after moving to the second data plane, the focus of the light beam



light beamfollows the first data plane Si. At this nonment, the focus
error signal is nearly zero For noving the focus of the light beamto the
second data plane S2, the device nakes the selector 14 sel ects archgoput of
the layer nove controller 13. The selector opens a focus control |oop,
applies an acceleration pulse Pl as the focus drive signal,, and makes the
driver 12 drive the focus actuator 5. As result, the focus of the Iight
beam noves in a vertical direction against the data plane of the disk 1
nearly to the second data plane S2. When the |ight beam focuses nearly to
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t herefore therddopgki ng control |oop is opened at |east once in thl_s peri od.
That is, afte]r: novi nggto t he second data plane, the focus of the |ight beam
5 March 2004 9 follows a target track by the tracking control. In other
words, soon after noving to the second data plane S2, the |ight beam does
not follow the target track SUMMARYOFTHE INVENTION, the |ight beam may

record or erase signal incorrectly in a track in a region where the S|gnal
is not intended toAl eqdical disknMigvicerimHn IedvEddinGdht of the invention, is

capable of avoiding wrong recording or wrong erasing of signal in a
region of the disk where the signal is not intended to record in the case
that a focus control is disturbed during the recording operation due to
disturbance, vibration or physical defect of the disk, or in the case of
recording over plural layers.

The device, when recording signals in an optical disk having plural
layers of data planes, reduces an intensity of the light beam to a level
unable to record data in the optical disk with one of the following
operations: (i) monitoring a focus error signal; (ii) monitoring an intensity
of a reflected light; or (iii) detecting that an data plane on which the light
beam focuses moves to another layer.

Further, when moving the data plane followed by the light beam
during recording operation to a data plane of another layer, the device
once reduces the intensity of the light beam. After moving the light beam

to another layer, the device raises the intensity of the light beam again.

In accordance with the first aspect of the invention, there is
provided an optical disk device comprising:
an optical sjfstem for condensing and emitting a light beam to an

optical disk having plural data planes at a data-recordable intensity:



An optical disk device in an enbodi nent of the invention, is capable of
avoi ding wong recording or wong erasing of signal in a region of the
di sk where the signal is not intended to record in the case &Match&00écus
control is disturbed during the recording operation due to disturbance,
vi bration or physical defect of the disk, or in the case of recording over
plural |ayers. The device, when recording signals in an optical disk having
plural layers of data planes, reduces an98ntensity of the light beamto a
| evel unable to record data in the optical disk with one of the follow ng
operations: (i) nmonitoring a focus error signal; (ii) nonitoring an
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an optical ddata priticbdiepeitiily oatthe Fb8REErAL sfxfial a-recordabl e intensity;

5 March 2004 9a a focus error signal detector for detecting a focus error

signal correspondanightirtensityiconerofies oz aomersllibgt #e ¢Rtedsito CoB RS lighﬁ
light beam and the data planes based on a reflected light fromthe data

pl anes; a f ocBsavs@ndol | er for mat chi ng the focus of the |ight beamwth
the data planes depending on_the focus error signal;

a layer move detector for detecting that the focus of the light beam
moves from one of the data planes to other of the data planes, wherein
the light intensity controller reduces, depending on an output of the layer
move detector, the intensity of the light beam to a level at which data can

not be recorded in the optical disk.

In accordance with the second aspect of the invention there is

provided an optical disk device comprising:
an optical system for condensing and emitting a light beam to an
optical disk having plural data planes at a data-recordable intensity;

a focus error signal detector for detecting a focus error signal
corresponding to a relative displacement between a focus of the light
beam and the data planes based on a reflected light from the data planes;

a focus controller for matching the focus of the light beam with th
data planes depending on the focus error signal;

a light intensity controller for con;crolling an intensity of the light
beam; and

a layer move controller for moving the focus of the light beam

from one of the data planes to other of the data planes;



a light intensity controller for controlling an intensity of the |ight

beam and a | ayer nove detector for detecting that the focus of the |ight
beam noves fromone of the data planes to other of the data5iiark2004
wherein the light intensity controller reduces, depending on an output of
the | ayer nove detector, the intensity of the Iight beamto a | evel at

whi ch data can not be recorded in the optical disk. In accordance with the
second ' aspect of the invention there is9bprovided an optical disk device
conprising: an optical systemfor condensing and emtting a |ight beamto
an optical disk having plural data planes at a data-recordable intensity;
a focus error signal, defector, for, detecting a_focus error signal

d . > :
corresponding to aVharg (ke dight| intensit costralleh redners the intensityi gfithe beam
and the data planes based,on.a reflected |light fromthe data planes;,
focus control ﬁgﬁtf’gﬁ 2 heve th@“P a ganapy be georded M e aptigal éﬂéﬁa
pl anes depend,i t : s error signal; a lLjght intensity,controller
for controlli h‘@ge{ﬁgﬁl’rl@%r}é%%%vet ¢tEe ?ﬁmoﬁ’géﬁhgzﬂgl%ofﬁ%iléhbgﬁam-
controller for noving the focus of the light beam fromone of the data
pl anes to other of the data planes; 5 March 2004 9b wherein the
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control ling an opt anaptitad lsystem for nonddesing and emitting a light beam to an
optical disk having plural data planes at a data-recordable intensity;
a reflected light quantity monitor for monitoring a quantity of a
reflected light of the light beam from the data planes;
| a focus controller for matching the focus of the light beam with the
data planes; and |
a light intensity controller for controlling an intensity of the light
beam, said method comprising the steps of:
monitoring the quantity of the reflected light; and
controlling the intensity of the light beam depending on the
quantity of the reflected light, and
wherein said step of controlling the intensity of the light beam
comprises the sub step of reducing the intensity of the light beam to a
level at which data can not be recorded in the optical disk when the

quantity of the reflected light decreases.

In accordance with the fourth aspect of the invention, there is
provided a method for controlling an optical disk which includes:
an optical system for condensing and emitting a light beam to an

optical disk having plural data planes at a data-recordable intensity;



an optical systemfor condensing and emtting a |light beamto an optical
di sk having plural data planes at a data-recordable intensity; a reflected
light quantity nmonitor for nonitoring a quantity of a refl eciEdrdhidpd of
the light beamfromthe data .planes; a focus controller for matching the
focus of the light beamwith the data planes; and a light intensity
controller for controlling an intensity of the .light beam said nethod
conprising the steps o nonitoring the quaf€ity of the reflected |ight; and
controlling the intensity of the |ight beam depending on the quantity of
the reflected light, and wherein said step of controlling the intensity of
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pl anes at a dgﬂ@gsegﬁmdabl e intensity; 5 March 2004 9c a | ayer nove
detector for detecfing that a focus of the light beam nobves from one of

t he data pl anes t o agdidigtrinthsitiieo i '
igltin@hsity eog@bHernfor @@ﬁﬁoﬂﬁﬁ%&ﬁ%% (S’F ﬂgﬁ?%ﬂ lrblegﬁll,

mat chi ng the focus of the light beamw th the d
i ntensity conisaisl inethddocomprising|the sigpaofi ntensity of the |ight beam said
met hod conprising the steps of _

, detecting that the focus of the light beam moves from one of the data

planes to other of the data plane; and

reducing an intensity of the light beam to a level at which data can not
be recorded in the optical disk when it is detected that the focus of the light
beam moves at said step of detecting that the focus of the light beam moves.

In accordance with the fifth aspect of the invention, there is provided a
method for controlling an optical disk which includes:

an optical system for condensing and emitting a light beam to an
oﬁtical disk having plural data planes at a data-recordable intensity:;

a focus controller for matching a focus of the light beam with the data
planes;

a layer move controller for moving the focus of the light beam from
one of the data planes to other of the data planes; and

a light intensity controller for controlling an intensity of the light beam,
said method comprising the steps of:

reducing the intensity of the light beam to a level at which data can not
be recorded in the optical disk; and

then, moving the focus of the light beam from one of the data planes to

other of the data planes.



detecting that the focus of the |ight beam noves fromone of the data

pl anes to other of the data plane; and reducing an intensity of the |ight
beamto a |l evel at which data can not be recorded in the optiidatchd@0sk when
it is detected that the focus of the |ight beam noves at said step of
detecting that the focus of the |ight beam noves. In accordance with the
fifth aspect of the invention, there is provided a nethod for controlling
an optical disk which includes: an optical systemfor condensing and
emtting a light beamto an optical disk Having plural data planes at a
dat a-recordabl e intensity; a focus controPfler for mat ching a focus of the
| ight beamwith the data planes; a | ayer nove controller for noving the
focus of the light beamfrom one of the data planes to other of the data
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OF THE DRAW NGS 11s a bl onents of
an optical di dkveitydorce according to exenpl ary enbodi nent 1 of the
invention. Fig. 2 is a block diagram show ng princi pal conponents of an 5

Mar ch 2004 Fig. 2 is a block diagram showing principal components of an




10 optical disk device according to exenplary embodinent 2 of the
invention. Fig. 3 is a'block diagram show ng principal conmponents of an
optical disk device according to exenplary enbodinent 3 of tHeMarte004on.
Fig. 4 -is a block diagram show ng princippl conmponents of an optical disk
device according to exenplary enbodinent 4 of the invention. Fig. 5is a
wavef orm di agram showi ng an operation of the optical disk device according
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PREFERRED EMBODI MENT = ( Enbodi ment I) Fig. I"s a blo _
schemati ¢ confi gur Big.cdhiok wavefopin dﬁ'grﬂin’i%@%ﬁ%ﬁn%@éﬂbﬂ%ﬁ@geﬁﬁpﬁar y_.

enbodi ment 1 of the present invention. In Fig. 1, el'ements o 12 and 15
are the sanme diski deviteeaccondingnitol enhbdiapdritchbf theinvdavione shown in Fig. 7,
and the explanation will be omtted. A focus nonitor 16 nonitors an

i ncrease of an anpfig fits afwaveform diagram showing an operation of the optical

disk device according to embodiment 2 of the invention.

Fig. 7 is a block diagram showing principal components of a

-conventional optical disk device.
Fig. 8 is a schematic diagram showing the relation between a track
and a signal of the conventional optical disk_ device.
V 'Fig. 9 is a waveform diagram showing an opei'ation of the
conventional optical disk device,

Fig. 10 illustrates an operation of the conventional optical disk

device.

Fig. 11 is a waveform diagram showing an operation of the

conventional optical disk device.

DESCRIPTION OF THE PREFERRED EMBODIMENT
(Embodiment i) ‘ .. - -

Fig. 1 is a block diagram showing a schematic configuration of an
optical disk device according to exemplary embodiment 1 of the present
invention. In Fig. 1, elements 1 to 12 and 15 are the same as _in the
conventional optical disk device shown in Fig. 7, and the explanation will

be omitted. A focus monitor 16 monitors an increase of an amplitude of a



5 March 2004 11 focus error signal issued by a focus error detector 7 and
issues a light intensity reducing command signal to a light intensity
controller 4 when the anplitude exceeds a specified referenéﬁ“amm2004 _
operation of the device of enmbodinent 1 wijl be explained in Fig.. 5. Fig.
5 shows a focus error signal and |ight intensity reducing comand signal
under the condition that the focus control during recording is out of
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case, the of Bpcus control, tracking control, and light beamintensity
control are the sanme as in the conventional device, and the detailed

description is oni Figdb Shewsiatfeosd terref sigieall haht H@ﬁﬁrﬂﬂténﬁwltfégdcﬁ%sol .
{he'  ocus concommand ciiteal baiedushe poatiditionbdnas, the theas atomrel i !
defect of the disk, and if the focus of the |ight beam goes out of the
first data pl B#eTéme sruticfonderdueito dignabances vibwatiompbi physicgt defeat by
Sl gnal - and gRIRGEy AR TReH Hehtopasneny i ueing consannpasgaal
reduces the light intensity. The focus monitor 16 compares a specified
reference thl and the focus error signal. A pulse Q1 is a focus error
signal representing that the focus control goes out of the first data plane
S1. Apulse Q2 is a focus error signal representing that the focus of tﬁe
light beam passes through the second data plane S2. . -

A signal is recorded as the focus of the light bea_.m'follo'ws the first
data plane S1 by a focus control. In this case, the of focus control,
tracking control, and light beam intensity control are the same as in fhe
conventional device, and the detailed description is omifted. The
intensity of the light beam is controlled so that the signal can be recorded
in the data plane of the optical disk 1.

If the focus control is disturbed due to disturbance, vibration or
phjrsical defect of thé d'i'sk,'a.nd fthé focus of fhe light beam goes out of the
first data plane S1, the focus error signal has the amplitude gradually
increase as indicated by the pulse Q1, exceed the peak of the S-shaped
signal, and gradually decline. When the focus of fh_e light beam passes
through the second data plane S2, the S-shaped signal as like the pulse Q2.

At this moment, if the intensity of the light beam illuminating the optical



t hrough the second data plane S2, the S-shaped signal as |like the pul se Q.
At this nonment, if the intensity of the light beamillum nating the optical
5 March 2004 12 disk remains at the recording |evel, the |ightMaeag0tas t he
focus approach the second data plane S2,j5and then records or erases the
signal is recorded incorrectly in the dgta pl ane S2. The focus nonitor 16
detects an increase of the focus error signal. Specifically, the focus
nonitor 16 c ares the focus error signal and the reference t'hl, and

det ects that HHETERAIRS abiEhe reqopdingpleyel, dbedichiihpsan heg dhedecushappmisehence
thl. The foc nmoni tpr, 16 are the focus error_signal directly with
t he referenczﬁ?ﬁpc%fﬂﬁé?gﬂfﬁ{engiﬁ)@ @?ﬁ%‘ér‘%oﬁ’é § Bt orasesthe slgnajigreentdetlo be
processed averaging,ok thing. PLural specified references nay be set,
and the incrzgg rg&b{ﬁﬁﬁ?ﬁg}?a ?%%#Erray be judged by a history of .
conparison result ek . f s_and the f S .error _signal, The
f ocus nonitor 16, SI;J%O%‘]&‘]%E&&FQ%O% ﬁge ﬁ%@ﬁ@aeg 15freARE c&%ﬁxﬁsfogw 8Fr°rs$§ﬂal-,'
sends the |i ' ' ' and. | I | ow l.eve] t t he
Tant i nt ens s CHRePBE Y S bRk SRR AW Mbpd N iBYR] apd s
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level. Theregy, whenever aa nor ndgls ?%%%Ir%. ?n%ﬁggﬁgﬁ%;tﬂfnﬁgﬁéeﬁwggf#ﬁa

pl ane changegxvesds tHd géteromcet thet. 1 €LIs GG PBATRE 118 malyScdniPRY ﬁ:%eefdéus
interrupted, and the data plane of other |ayer can be prevented from w ong
recordi ng or emanggrahdirectlpfwith ghatrefeFbhse 151 althouph/ fothie davbehe fechgnal s
are recorded in the second data plane S2. (Enbodinment 2) Fig. 2 is a block
di agr am showiempresignakbhas be be gnbeessed avenagingar smoothing. Plural specified

)

references may be set, and the increase of the error signal may be judged
by a history of comparison results between the references and the focus
error signal.

The focus monitor 16, upon judging the increase of the focus error
signal, sends the light intenéity .r.edu'cing command signal at a low level to
the light intensity controller 4. Then, the light intensity controller 4
immediately reduces the intensity of the light beam to the reproducing
level. Thereby, whenever a normal recording condition in the first d'ata
plane changes very slightly, the recording operation is irﬁmediatel_y
interrupted, and the data plane of other layer can be prevented from
wrdng recording or wrong erasing of signal. This is also performed when

signals are recorded in the second data plane S2.

(Embodiment 2)
| Fig. 2 is a block diagram showing a schematic configuration of an

optical disk device according to exemplary embodiment 2 of the present

invention.

In Fig. 2, elements 1 to 12 and 15 are the same as in the



optical disk device according to exenplary enbodinent 2 of the present

I nvention. In Fig. 2, elenents 1 to 12 and 15 are the sane as in the 5
March 2004 13 conventional optical disk device shown in Fig. SMamhd00he
explanation is omtted. Areflected Iigg% quantity nonitor -17 detects the
quantity of a light reflected fromthe tical disk I :and nonitors a drop
of the anplitude of the" light. - Wen the anplitude becones smaller than
a specified reference, the nonitor 17 issues a light intensity reducing
conmand  si gsanvewtianal gpticahdisksdexice showal lIEIFIg. 7 ﬁargdﬁfea&xpdmnmt}[mm He f
devi ce of enbodj ne explained in Fig. 6. Fig. shows waveforns of a
reflected |i gmait Eﬂfﬁntiﬁtryfs-l@ﬁ:f@dallghmuantlty @mmitcm éﬁsiettgctseﬁbaa;u@tmmmmd
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lgguglegn?he I o ot o 1:The efl ect ed::f?lteil © g_ﬁ{r]t Xlgm)nl tor d
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signal is reg ?%ﬁjﬁqto"& h@lﬂlﬁ 9&%0% cﬁlé?d I ght beam followng the first

data plane S1 Dy focus~-contro TS case, the focus control, tracking
control, and |ightabg dtlBrPBﬁtEé’d&ﬁ bPb Bod :B@ﬁi@ b {6 FEAHE as in
the conventi onal dewg? and the detg‘l anatlon ggeu f[l oé‘ﬁh

intensity of the IHight dlenve m@@mm@bredreﬂb&@em%@eqmw sigh3l ahll a

recorded.in the data plane of the optical disk enh the"focus control

di st ur bed dudight ititensitpandacing tomiaon fignal at the moment when the focus
control is out of order due to disturbance, vibration or physical defect of |
the disk while the focus of the light beam follows the first data plane S1
and recording signals on the plane. A low level of the light intensity
reducing command signal reduces the light intensity. The reflected light
qﬁantity monitor 1‘7 compares a reference th2 and the reflected light
quantity signal.

The signal is recorded with the focus of the light.beam following the
first data plane S1 by focus control. In this case, the focos contl'ol,
tracking control and light beam intensity control are performed in the
same as in the conventional device, and the detailed explanatlon is
om1tted The intensity of the light beam is controlled go that the s1gna1
can be recorded in the data plane of the opt1cal disk 1.

When the focus control d1sturbed due to dlsturbance, vibration or
physical defect of the disk makes the focus of the light beam go out of the
first data plane S1, the focus error signal usually has the amplitude
increase gradually as explained in embodiment 1, and the out-of-focus is

detected. However, the focus error signal is obtained only when the light

beam focuses nearly on the data plane, for example, about 10ym apart as



physi cal defect of the. disk nmakes the focus of the |ight beam go out of
the first data plane S1, the focus error signal usually has the anplitude
i ncrease gradual |y as expl ained in enbodinent 1, and the out-Sdflafcb@84i s
detected. However, the focus error signaljgis obtained only when the |ight
beam focuses nearly on the data plane, for exanple, about 10i mapart as 5
March 2004 14 indicated by pulses El, E2 in Fig. 10. Therefore, if the
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| evel . The quantity of the reflect I's always 'ow excep
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Fig. 6. Therefore, unlike the focus error signal, ere 1S no pro

m ssing the smmﬂetih@ﬂ;glﬂsl @maﬂlsmsalirddﬁmhg%b&nﬁﬁh\dosﬂgﬁbl Wiea 15w RRLEES etﬁermr e
securely. However, a sensitivity of detecting the out-of-focus of the

| i ght beam wilight antmgse aitrderqdant Thynpfthehdight! beeeityl icohtroller| awer
than that with the focus error signal. Therefore, if a quick response is
required, thdiymedintelnilowers bhel light mteb&tMetoed:hedreprbﬁutﬁmgutevelr ofThe

si gnal . Thus the.fai ur etected preferably with the focus error
signal and tH# frﬂ?% gh%\"ega‘ﬂ%g htdstalways daw. exepb ouhem the digltibeas i s a

bl ock di agr ar?o%&éjevén n%arly on the first or second data plane as shown in Fig. 6.

Therefore, unlike the focus error signal, there is no problem of missing the
momentary signal, and a focus servo failure is'detected more securely.
However, a sensitivity of deteqting the out-of-focus of the light beam with
a change of the quantity of the reflected light is lower than that with the
focus error signai. Therefore, if a quick response is required, the servo
failure had better be detected with focus error signal. Thus, the failure

may be detected preferably with the focus error signal and the quantit:;r of
the reflected light. |

(Embodiment 3)

Fig. 3is a block diagram showing a schematic configuration of an
opfical disk device éccbrding to exemﬁlary elmi).odiment. 3 of the present
invention. |

In Fig. 3, elements 1 to 12 and 15 are the same as in the
conventional optical disk device shown in Fig. 7, and the explanation is
omitted. An address detector 18 detects address data on which a signal is
recorded on the disk on the basis of the quantity of a lght reflected from



a schematic configuration of an optical disk device according to exenplary
enbodi ment 3 of the present invention. In Fig. 3, elements 1 to 12 and 15
are the sane as in the conventional optical disk device show?® NarciF2go4 7,
and the explanation is onitted. An addregs detector 18 detects address
data on which a signal is recorded on the disk on the basis of the
quantity of a light reflected from5 March 2004 15 the optical disk 1. A

) , he basi f dd data, that the
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di sturbed due; ' , Vibration or physical defect of the disk,
t he di sturban%:r%-‘j;gg]g'iq %%ﬁfélla?%ﬁgfol Is detected with the focus error signal in

enbodi ment 1 or  withh dgaeafbANtFt Yhe! deefdeeciredhbafiinddt ombRglfBNt A Thi s
fet e |1 ght

is usually enough, but after the focus o | eam goes ouat of "t he

first data péarfesulationowill bé exphiaed of focus control, the second data
pl ane may be focused in a relatively short time. ~ In this case, the focus

control is disturbddld empmedrisirgcordet dshhe foeus of ohd light Heam folowshet 0 be
normal . Therefore, if mssing the tenporary di sturbance of the focus

control with fimgrdaternlageSieby foous contrnl, Hitiedbews cartteokisatitivrbediducrte
e of a it Vibration of phyeical dokoet of She dusk the dispurbamce of
focus control is detected with the focus error signal in embodiment 1 or
with the quantity of reflected light in embodiment 2. This is usually
enough, but after the focus of the light beam goes out of the first data
plane due to disturbance of focus control, the second data plane may be
focused in a rélatively short time. -In this case, the focus control is |
disturbed temporarily, but the focus control soon returns to be normal.
Therefore, if missing the temporary disturbance of the focus control with
meonitoring the focus error signal or the quantity of the reflected light, i:he
device may record signals continuously in the data plane of a v&rong layer,
which may cause a.serious problem for the system. To prevent this, it is
detected that the focus of the light beam is moved from the data plane of
the "layer to bg recorded, and the light intensity is reduced to the
J.*epfociuéin;c.;r level. o |
As an easy, secure method of detecting the layér move, the address
detector 18 detects the address data on which a signal is recorded on the
disk, and the layer move detector 19 distinguishes the present layer on the
basis of the address data. As explained in Fig. 10, since the reflectivity

differs in each layer, the amplitude of the quantity of the reflected light



whi ch may cause a.serious problemfor the system To prevent this, it is
detected that the focus of the |ight beamis noved fromthe data pl ane of
the -layer to be recorded, and the light intensity is reduced March2604
reproducing level. As an easy, secure nethod of detecting the |ayer nove,
the address detector 18 detects the addréss data on which a signal is
recorded on the disk, and the |ayer nove detector 19 distinguishes the

resent |ayer on the basis of the address data. As explained in Fig. 10,
: Q?Efwﬁ éeihl
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Tver Y he GHETEE tTERm AR Aepalird ideniriss thi YeF TRthg hecpnplieds
L9 ™, LR LS S B Bl B
ot erenco. mierar i BmiRReR! O o4 Ao SRR Y40 e’ hofsr BERy aigRal
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detected with the focus error signal or the quantity O (

light, -the Idegddt thd anshbyr iof Tagekis &chdXeORY Ilihtabeh M Altires! 8507 GG OF
wrong erasing may be prevented. (Embodiment 4) Fig. 4 is a bl ock diagram

showi ng a schvamitisanetifdsgureatoneidenéd fir detptiingkheilsyerd@vvee BriRdiyag to

exenpl ary enbodi ment 4 of the present invention. In Fig. 4, elements 1 to

12 and 15 ar aneveecaniyy lzgdeirecte&dewm_h the focus error signal or the quantity of the
reflected light, the light intensity is reduced promptly, and wrong

recording or wrong erasing may be prevented.

(Embodiment 4)

Fig. 4 is a block diégram showing a schematic configuration of an
optical disk device according to exeniplary embodiment 4 of the present
invention.

In Fig. 4, elements 1 to 12 and 15 are the same as in fhe |
conventional optical disk device shown in Fig. 7, and the expianation is
omitted. A layer move cont_roller 20 moves the focus of the light beam to
other layer. A selector 21 selects one of the focus controller 8 and the
}ayer move controller 20. A controller 22 controls the selector 21, layer
move controller 20, and light intenéity controlier 4, -

An operation of the optical disk device of embodiment 4 having such
configuration will be explained.

When recording signals in two layers, the focus of the light beam
needs to move over the layers of the data plane during a recording

operation. However, if the beam moves over the layers during the



conventional optical disk device shown in Fig. 7, and the explanation is
omtted. A layer nove controller 20 noves the focus of the |light beamto
ot her layer. A selector 21 selects one of the focus control | éM@BcaBed4 he
| ayer nove controller 20. A controller 221 controls the selector 21, |ayer
nove controller 20, and light intensity cgntrol ler 4. An operation of the
optical disk device of enbodi ment 4 havi nlg such C(ﬁnf;gurat | ](c)nt\r/]m I : . bﬁt
expl ai ned. Wen recording signals in two layers, the focus o e ligl
begm needs t’@cﬁﬁﬁélgo%rgﬁmﬁglaéy@%amedthbt cenpeetenaludévige,athree signdilng
oper ati on. Howeve{), if t(re beam noyes over .the |layers during the 5 March
2004 17 recor'@®¥gPepecak eéin,‘)rﬂaé%%ll&i(?‘h@@cﬁlﬁ imhshe dimedntinotle régitrceott he

I b d | ) ly in the track in the region
ot i nt ended WS Fo 26 EH By 10HEN P kel (el EpiheapatoTeld vkl
t ar get tracktrﬁéké)‘??ﬁ%?i%ﬁigbeam. The controller 22 sends a light intensity

reduci ng comma . e || ght intensity controller 4 to reduce-- the

quant: 1y of a It gtoe SpREefles 22 qedflolf BeRP dhteiiy gk exmmpt b e s, o
i he f : and 4t ' L..systemdecreases,

and hence, t R o SO it n ity ot IBE o o 3B R Btelie AT B IR R

Then, the conforiblel @produdiBlkesvdlneAt $RlsanbRlent 1t1Re) eti%kgfués)ﬂg?t‘%%tgécg&&e

| ayer nove controller 20, and.the layer noves to't eam as

expl ai ned i n firoxy thildiskVieis alfteratric8d Oind thes, laaydih dfthé BBIsRbAtrdl Bstem
controller 22 nakes the selector 21 select the output of the focus

control | er 8 amditricking chetrbbsysienndecrebsésamd Fendeiehe gaimef ehaicoatiorr 22,
after the f Ocsl;zsété)é Iiehe?is lti) %gtra?s%?ln;f Irlzctlaoslélalrye.d ’H:é:?, i}hgecoi:l:;gilﬁr 22 makes the
selector 21 select the output of the layer move controller 20, and the layer
moves to the focus of the beam as explained in Fig. 11. When the move of -
| the layer is complete, the controller 22 makes the selector 21 select the
output of the focus controllei 8 and close the focus control loop. Further,
the controller 22, after the focus of the light beam is pulled into the track
of the target address, controls the light intensity controller 4 to raise the
intensity of the light beam again to the recording level. By thése
operations, the light intensity remains at the reproducing level until the
focus of the light beam follows the target track of the layer at “the
deétination. Therefore, regardless of stability of pull-in of focus control or
tracking control, a signal is not recorded or erased incorrectly in the region
in which the signallis not intended to recorded. o
In the foregoing embodiments 1 to 4 of the invention, the light
intensity is reduced to the reproducing level in order to prevent wrong
reading or wrong erasing. The level is not specified as far as wrong

recording or wrong erasing can be prevented. The light beam may be

substantially turned off.



of the target address, controls the light intensity controller 4 to raise
the intensity of the light beamagain to the recording | evel. By these
operations, the light intensity remains at the reproduci ng | eMdarcn@004 t he
focus of the light beamfollows the targgqg track of the layer at the
destination. Therefore, regardless of stability of pull-in of focus control
or tracking control, a signal is not recorded or erased incorrectly in the

region in which the,signal is not. intended to recorded. In the forggoing
enbodi ments 1 to 4%f% ﬁgvﬁcﬁ%eer’fpﬁ%‘ﬁ,egt’r’?eem foe; %e]ng?t‘%/ Vhep dggekNgo ¢ he

duci | i d di ing. Th
ever e ot SEEerin A Bt BBl SRR S %@%&{Hﬁﬁ@"% aﬁé éfw?g%g@%%%ﬁ be.
d T ' . g t ' { a b 2004 18
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signal is prevented frombeing Incorrectlyrecorde

second data pl‘lﬁ_ﬁ%eﬁﬁmléébﬁiscéi_ﬁﬁf&rlﬁh?ﬁﬁe&ﬁ:@'ﬁh& REsé bﬂgfe\*é%magé?ﬁfg%%ﬁil qo-m' S
technology is simlarly applied to the case of preventing si ghal from
bei ng incorr defihy ineonedtly srdrdsdsendi erdsed i rife dakd @ARNSINMN | Bhile
recording signals in the second data plane. According to enbodinents 1 to
4, the two-| apeording kignalslisthe bemnidodatat planease of the expl anation. The
inventionis simlarly applied to the disks having three or .four |ayers,
or any plural | ayéksording te embalimenttaddtoot, thiedwd-Iyteritisknied psaribeedforn
enbodi ments 1.to 4 is executed by the software on the_m_croconputer

i ncor por at ed thR ¢ase olothe e¥planation. ThEberdnwention isbeinsiledutanplisd dxthenal

devices conNeLLRdy aving three or four layers, or any plural layers.

The control method of the light beam explained in embodiments 1 to
4 is executed by the software on the microcomputer incorporated in the
optical disk. The method may be executed by external devices connected

to the optical disk device.

INDUSTRIAL APPLICABILITY
The invention relates to an optical disk device for recording data' in

the optical disk having plural layers of data planes.

The optical disk device of the invention includes a focus monitor.
When signals are recorded in the optical disk having plural layers of data
planes, if the focus control is disturbed during recording operation due to
djsturb'anée,‘ vibration or phjsical defect of disk, thé signals. are pre\}ented:
from being incorrectly recorded or erased in the data plane of other las.fer
different from the data plane on which the signals are recorded.

The optical disk device of the invention may include a reflected light
quantity monitor. Even if the disturbance of focus control cannot be

detected by focus error signal, a signal is prevented from being incorrectly



to the optical disk device. | NDUSTRI AL APPLI CABI LI TY The invention rel ates
to an optical disk device for recording data in the optical disk having
plural layers of data planes. The optical disk device of the 5Maeh2Doh

i ncludes a focus. nonitor. Wen signals i:?]e recorded in the optical disk
having plural |ayers of data planes, if the focus control is disturbed
during recording operation due to disturbance, vibration or physical

or erased | n Tivete 8 Braed Bt Sl I Plaerof tbeF drvamifemnt emithadptane.
mmy ol ude. PR BT F Bl indreydBin tor - Bven | f the di sturbance of
e
Conal heCr ocafietel. | M fho Bake PRERHS £80% LRRBT | usRdRR, Pet Meaits debhese a
£ bhe evi cotSRoheY detolt, Ly BR6 focubf SATiSRESRbIEY 1 Bttt Tatkiat g o "

if the device does not detect t ‘

ot her |ayer irelativelgl sHory €lnve 16k ta fol bdrsipn d106GLS ' ;
reflected |ight qualzii ty, the devi cgﬁ%?igv%nmtlgna- Si gﬁﬁﬁlé@%%%%@ﬂ}ug%ﬂ&
incorrectly riéwodetdce prevenis adsighhbfiopi beilg HicslkredelyireBordedidioralignt i On
may include a |layer nove controller. When signals are recorded signals in
plural layers, thelbegpéical disle devivecoft €t fnvemtiel iy Behideatlayef eas¥ded
or erased in a region of the, disk where the signals are not intended to
record. 5 Mar@mt . Whgn signalis are recorded signals in plural layers, the signals

are prevented from being incorrectly recorded or erased in a region of the

disk where the signals are not, intended to record.



20 CLAIMS 1. An optical disk device conprising: an optical systemfor
condensing and emtting a |light beamto an optical disk having plural data
pl anes at a data recordable intensity; a focus error signal d&dfach 8004 or
detecting a focus error signal corresponding to a relative displacenent
between a focus of the light beamand the data planes based on a refl ected
light fromthe data planes; a focus controller for matching the focus of
the light beamwi th the data planes dgpending on the focus error signal; a
light intensity controller for controlling an intensity of the |ight beam
and a | ayer nove detector for detecting that the focus of the |ight beam
noves from one of the data pl anes todﬁ%gﬁ@$0f the data pl anes, wherein the
light intensity controller reduces, ng on an output of the [ayer
nove detector, the intensity of the light beamto a | evel at which data can
not be recorded in the optical disk. 2. An optical disk device conprising:

an opti cal systlen}\ﬁ%mkqi&gsea&g%@:{gﬁ]g ng a light beamto an optical
a_

di sk having plural data planes at a ecordabl e intensity; a focus

error signal detreeptical fsgstetie f@céormienaii®ans ephitig &i%x%'beaﬁﬁd 8ARRYMELNG tO
a relative displacenent between.a focus of the |ight beamand the data

pl anes bashsk bavingrpitiralciata plangs atf a data-hecatdableghtemssity; a f ocus control | er

for matching the focus of the light beamwth the data planes depending on
the focus errof dPgHal ermor \glgsrl 2detector for detecting a focus error signal

‘ corresponding to a relative displacement between a focus of the light beam and

the data planes based on a reflected light from the data planes;

a focus controller for matching the focus of the light beam with the data
planes depending on the focus error signal;

‘a light intensity controller for controlling an intensity of the light beam;
and

a layer move detector for detecting that the focus of the light beam
moves from one of the data planes to other of the data planes,
wherein the light intensity controller reduces, depending on an output of the
layer move detector, the intensity of the light beam to a level at which data can
not be recorded in the optical disk. |

2. An optical disk device comprising;

an optical system for condensing and emitting a light beam to an optical
disk having plural data plaries at a data-recordable intensity;

a focus error sigpal detector for detecting a focus error signal
corresponding to a relative displacement between a focus of the light beam and
the data planes based on a reflected light from the data planes;

a focus controller for matching the focus of the light beam with the data

planes depending on the focus error signal;



a light intensity controller for controlling an intensity of the |ight

beam and a | ayer nove controller for noving the focus of the Iight beam
fromone of the data planes to other of the data planes; whéMamhfned | i ght
intensity controller reduces the intensity of the Iight beamto a | evel at
whi ch data can not be recorded in the optical disk, and then, the |ayer
nove controll er noves the focus of the |ight beam 3. A nethod for
controlling an optical disk which inclades: an optical system for
condensing and emtting a |light beamto an optical disk having plural data
pl anes at a data-recordable intensity; a reflected |ight quantity nonitor
for nonitoring- uantity of a reflected |[ight of the Iight beamfromthe
dat a pl anes; aaf]g%lﬂsmé‘?ﬁ‘ﬁl oF?@rOﬁ%rflomeFﬁoﬂgl& Al Nyt ghtgegarBeam
with the pl anes; and a light intensity controller for controlling an
intensity of the light beam said nethod conprising the steps of:

nonitoring the acﬂa?eﬁ }ﬁd(/e%orftﬂﬁlei'?%} Gfdvatk 'Qﬁ}éusw;quﬂt%&ﬁ%#lﬂg%}ee q

intensity of the I'ight beam dependi ng on”the qua ere

l'ight; whef éhedatd plasiee po othdradithedabg pldisguant ity of the reflected |ight
conprises the sub step of nonitoring a drop of the quantity of the

ref | ect ed Whergn thealightvinéensity saittolisrepdutes tn¢ irtehiity of e lighe beadytof t he
| i ght beaméggri ses té%e sub ste% of reducing the intensity of the Iight
beamto ad a’awiw;hl ty fem. neh henisconted: it dheloptical disk, gnd ¢hendthek when
the quant 'ﬁ}}ér%m}ehgor{t%ﬂe%cé&gesj éh%qlocgs I(\)/P &fe i 0t > a.grr%

3. A method for controlling an optical disk which includes:
an optical system for condensing and emitting a light beam to an optical
~ disk having plural data planes at a data-recordable intensity;

a reflected light quantity monitor for monitoring a quantity of a reflected
light of the light beam from the data planes;

a focus controller for matching the focus of the light beam with the data
planes; and

a light intensity controller for controlling an intensity of the light beam,
said method comprising the steps of: |

monitoring the quantity of the reflected light; and

controlling the intensity of the light beam depending on the quantity of
fhe reflected light;

wherein said step of monitoring the quantity of the reflected light
comprises the sub step of monitoring a drop of the quantity of the reflected
light, and

wherein said step of controlling the intensity of the light beam comprises
the sub step of reducing the intensity of the light beam to a level at which data
can not be recorded in the optical disk when the quantity of the reflected light



decreases. 4. A nmethod for controlling an optical disk which includes: an
optical system for condensing and emtting a light beamto an optical disk
havi ng plural data planes at a data-recordable intensity; a bajarch 28k
detector for detecting that a focus of the |ight beam noves from one of
the data planes to other of the data planes; a focus controller for

mat ching the focus of the light beamwi th the data planes; and a |ight
intensity controller for controlling appintensity of the |light beam said
met hod conprising the steps of: detecting that the focus of the |ight beam
noves fromone of the data planes to other of the data planes; and
reducing ap intensity of the light beamto a | evel at which data can not
be recordéﬁmpﬁﬁpﬁe optical disk when it is detected that the focus of the

| ight beam noves at said step of detecting that the focus of the |ight
beam noves. 5. A nmethod.for controlling an optical disk which includes: an

optical system4o ' . et L] Ll ght: am.t,o an optical disk
havi ng pl ural (;‘fat% ‘%?2‘%@26 g?%&ggpg%eégﬁ%é@%k%%}gaﬁ%ﬁe% focus

control l er for ajia@]]ﬂﬁ&a] 8teh® €tScdidenRhd i | [HAAps;: a
| ayer move controller ?%rr erm\‘/i ng the foéc%g&%ﬁfﬁg%%%ttﬂggg?n@%&@one of
the data plishbeving pltthalrdadh pldreesdalt @ dptanavrdable iatdrslf | ntensity

controller for controlling an intensity of the |ight beam said nethod
conpri si ng t he &kegpemsve detegtor forxdescling thaueifogis bbthatighisbéamahotds

i ght beé'ﬂ‘otng o%elo?\{ﬁé d%%a P aln%g tg %ttﬁlercén ﬁlrflrociata planes;
a focus controller for matching the focus of the light 'beam with the data
planes; and
a light intensity controller for controlling an intensity of the light beam,
" said method comprising the steps of: |
detecting that the focus of the light beam moves from one of the data
planes to other of the data planes; and
reducing an intensity of the light beam to a level at which data can not
be recorded in the optical disk when it is detected that the focus of the light
beam moves at said step of detecting that the focus of the light beam moves.

S. A method for controlling an optical disk which includes:

an optical system for condensing and emitting a light beam to an optical
disk having plural data planes at a data-recordable intensity;

a focus controller for matching a focus of the light beam with the data
planes;

a layer move controller for moving the focus of the light beam from one

..of the data planes to other of the data planes; and
a light intensity controller for controlling an intensity of the light beam,

said method comprising the steps of:



be recorded in the optical disk; and then, noving the focus of the l|ight

e data planes to other of the data pl anes.
beam from one of the d p p % March 2004
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reducing the intensity of the light beam to a level at which data can not
be recorded in the optical disk; and

then, moving the focus of the light beam from one of the data planes to
other of the data planes.



