;e3e:L:,d26TLk{] Optical D sk Device 5 FIELD OF THE | NVENTI ON The present
-invention relates to an optical disk device for recording data in an
optical diskpohgys ng plural |ayers of data planes. |0 BACKGROUND OF THE

| NVENTI ON Technol ogy for high density regcording for an opti | SK S
“intensively devel oped recently For high density recording, J@mm"ﬂwﬂmm’mml ng
multiple data layers is extrenely effective, For an existi

versatile di t wo-| ayer play-only disk is already stamdardi zed.
15 Recently,wgﬁggm@q wo- | ayer di sks are being devel oped, which are

expected to enhance a recordi ng capa@ optical di Skr“ﬂm y
An optical disk device using this Pg?’hc?]%{lgg%/@\?\n Il be expl ai / ﬂmmmm”m,mh
referring to the drawings. Fig. 7 is a block diagram showi ng a séhesati c
configuration of an 20 conventional optical disk device. An optical disk 1
has plural layers (two layers forQjtiés BiskMécd or sinplifying an

expl anation), and signals are recorded on a data plane of each layer. A
motor 2 gotates the optical disk 1. An optical pickup 3 includes an optical
system for focusing a |light beamon the data plane of the optical disk 1
with an optical system,, 25 Ridiido<d THEdNSEENGdOMNIct or | aser and a | ens,
and a photo detector for detecting a reflected light. Alight intensity
control | er 4, updrhe present myventiomghelates wnan optinalndiskrdeyicenfar recardinge
optical pickup 3, conpares the P24323 2 signal with a predeterm ned

val ue, and dlatedn arheptieatidisk baving plurablaysrs ohdatpplanes. pi ckup 3, thereby
controlling the intensity of the light beam A focus actuator 5 displaces a
focus of the light beamin a nearly vertical -direction to the data pl ane of

th tical disk 1. At [ i f f th

i gh?pb:sé?n i nI fhe radi aIr aﬁmgmﬂWhﬁTgﬁ?Mmee Aoglcj)iug er rgr

[ | detect mdet ect [ b.spl t f .of th
i Gnt beam and dalEuBPR gpt ¢ Pt GRS BE SR onkie BRTAE T T

the opti cal iBit%géWeﬁ" d@@é&oéé&uﬁea}l}'oc%re&ﬁ fngns! rec%rﬁﬁfgz'stﬁé)'&iﬂ?' ler 8

processes the focus error srgn h a 10 tering, such as phase

conpensat i o (r},évingwtgﬂ \iaRg Xaf&wgaﬁﬁbh@l¥ effeslive/€'F& & iei(ﬁ%ir%h%ig{t@@ us

actuator 5 depending on the output of the tTocus controller 8. racki ng

error signalyd8hfild Qisk1@DVBY e ttwodakyet play-entli divkaicesteeadyp stareirdided. f ocus
of the Iight beamand a track on the data plane of the optical disk 1

dependi ng orRédmthyt pebrddble hewophyeraldighsclarp Being5 demelopsdueshizght maeki ng
error signal. A tracking controller 11 processes the tracking error signal
with a filtesipegtedstocénlznqehm secordingeapscityrofan opticl disk enbstassiadnsat i on,

t hereby nmaki ng,the focus of the light beamtq follow_the trﬁegk ﬁ%’i" he
optical disk T Aluoptienl diskodewiee using this technglogs will be explaipe iﬂ"on t he
output of the tracking contrqQller. A layer 20 nove controller 13 receives

the focus erWih wamgtcaaae 8@%&1&% focus of the light beamfromthe data

pLene of L he | oveh P ERe Rl S U P o Bl il b ST A
20 conventional optical disk device. An optical disk 1 has plural layers (two
layérs for this example for simplifying an explanation), and signals are
recorded on a data plane of each layer. A motor 2 rotates the optical disk
1. An optical pickup 3 includes an optical system for focusing a light
beam on the data plane of the opt{igal disk 1 with an optical system
25 composed of a semiconductor laser and a lens, and a photo detector for

detecting a reflected light. A light intensity controller 4, upon receiving a

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




out put of the focus controller 8 or the output of the |layer nove controller
*13. A tracking nonitor 15 nonitors the tracking error signal, and issues 25
a light intpgpgsdy reducing command signal to the light intensity controller
4. An operation in the conventional optd cal di sk device having such

'P24323 3 configuration will be explained by referring to Figs. 8, 9, 10,
and 11. Fig. 8 is a schematic diagram showi ng the relation between the

ok 1| n ARGt R R VR I RSB Pl QBB HE R pl ane
5 i h . Fig..9 sh ' | I 4 ' It
ettoor ng. o Shhi S, R R e R Be bl
t I i St . Vi t T ' t ' : d
nor mal Ly i BepeARRREE ® GiAp g Mbpe S HeC R BN d Beabls RELLET T0C |
tracking erf ol &inofatnd aagggqaﬁgﬁfwg&ggiﬁm%ﬁ i1ed A%Ifdk%ﬂgeacwﬁor@e_ i ght

I ntensity reducing conman gnha e light intensity when it is at

low | evel . cﬁ%{@acésot st dre el BEadf inttHer PR aB ARt OF tRE opbichEal di sk
havi ng two ers of data planes, focal position of the corresponding |ight

beam 15 angskhe fRqusuLerr Sigaabldetdetbi 7sletdatnapledaitvSHigyldceamsertond
data plane S2 are |located apart by a distance D. Fig. 10 shows an objective

| ens condersytwgeh thel foglis obehelphtvitiaoh drocdatd pldrewbfthe optited disksk dat a
plane S 1 and second data plane S2. The waveform of the focus error signal
is an S-shajspendavebortieEmtpueoftthe dpsioal pacieus 3t Anddegneshe faqussarremt a 20
plane S1, and is an S-shaped wavef orm E2 when the beam passes through the
second dat ssiphalne &2focunecondrolien Byiprgcegpes fbe slosunPraat Sipalnity 4
usual ly set_| ower than that of the fir.st dgha &%ane S1 becauig.thejiight
beam had t dilseringt sRALaH P?'ﬁée CPPNeNGEHAN ATIRYW FAGHCRYCATRPeRpakton.
reproduci ng, .Therefore, .whgn passi ng thr,ough,.t he sscond, dat | ane S2, 25
Lo ight | DAt Adeayeehe feHR g cbnatre SSRfHibE Ran Ot RS e dhErs
smal ler than th of, th - shaped vef 1.0. t ef or s
of the fo leé)népﬁiﬁr E-r grfal tsrgﬁg1 g Ceﬁ'\g@r > ggétec%xg 10 jde%]:?gvsa Jé‘faef@é/

displacement 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,

15 and issues a tracking error signal. A tracking controller 11 processes the
tracking error signal with a filtering, such as phase compensation or low
freq':1ency compensation, thereby making the focus of the light beam 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 layer

20 move controller 13 receives the focus error signal, and moves the focus of
the light beam from the data plane of the layer presently followed to the
data piane of other layer. A selector 14 selects and 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

25 a light intensity reducing command signal to the light intensity controller
4,

An operation in the conventional optical disk device having such



4 drive signal when the focus of the light beamis noved fromthe first
‘data plane S1 presently followed to the second data plane S2. The focus
error signapoqgpsconpared with a specified reference th4d. The focus drive
signal includes an acceleration pulse Ry'" and a decel eration pulse P2. The
light 5 beamfollows the first data plane in a period T1l, and the beam
follows the second data plane in a period T3. In the period T2, the beam

noves fromthe first da | ane.t 0,1 he secon ta pl . recordi ng
data on theC(H’Z’cgé“BF‘é’Hew@? bgﬁépgi‘%?{i %-Y r?ﬁé@é@ﬁﬁé&-n@rﬁﬁ%s?\éﬁéﬂm- has the
focus of the light beam faoll ow t.he;.data pl,an f . th . optical disk 1. For
this purpose, the¥otds aels?}b‘?mgflﬁn%figﬁaer?es oafm% the g%l%‘gm%hééﬁ%egt ?Z}\%ee

di spl acenent t f . i I he
opt 1 cal i o df ek Bpl IR o Hiedh SHIME B0 13K  B0Botleal i ¢
a filteringy; Ii ulhi hon. The
el cctor 1AuER G R P L R, e B LRI OK BOTRERTAET
drives the fagusy@ctuator 5. Then, the tracking control system has the
focus of the Iight beamfollow the track on the first data plane of the
optical disk 1. Fgf 9 Bhéwpur fraskingt dieoi sipgial rgdes diphtdngnsditydeddaning 10
detects the relative displacenent between the focus of the |ight beam and
track on theorfiatemd?@ignadnet tlie mmmenpt iof aut difsk tiacking t¢derelr dukitogan
controller 11 processes the displacenment with a filtering) such as phase
conpensat i cexternabwistuebance prcvibpatisnt i Ahe tMasking wentrp lérpﬁﬂé@rmwg
tracking actuator 6. The |ight intensity controller 4 receives a |ljght

i ntensity moermaHysingageriadoinl ard dpacldag %p&@éﬁ% iR PeHRPares The

nonitor signal with 25 and a.predeternin si gnal nd. drive h

seni conflct BRCKHRE eTHr F’rgé’aiilgl&?ﬂl%a,mgh‘ﬁﬁg‘w %’&ﬁ{ﬁe&aF?%ﬁeQ%e%:%’gﬁrh%eam
intensity t necessary,l evel for recordiRg. R24323 5. v l.n recaor.di ng and
r epr oduci ngﬁSﬁt Hétleas’rstﬁ ‘éﬂ“%lﬁ‘ﬂicé’&}ma}lgﬁ}g’&‘éﬁ‘g‘?%’ﬁ 9‘,941%%}% 1&‘3?%“?%“’?’8&1 duced
with a vveak.litgft kntfnsity, and the data is recorded at a sufficiently
stronger Iibsn"_i Rt rYgl'ty. The data is recorded in an optical disk by _
various techni quﬁ%sﬂﬁ'ho%%ﬂ‘n oft BPA BFodsRedtion EP&HG)SH’&QI diER L iRgoPt | cal

(MO recording, and pignent recording. In any technique, the

intensity i ' | r | f3gat PeditibA oF theRoPFspbRding@lighfbbemper at ur e
of the reco?v&f)il}%?%%l énﬂ?%atﬁ%%r%g’c%rg%i g‘gﬁr egi on nust bg rai sgcaald.g Actually,
when regpr dhfg the Fo@ibérrot RBigHalr eadhdt dgta phme $Yhhdi nseonidtdatanysianbe

nodul at ed depending on the signal) and in MO 10 recording, the |ight
intensity i S2r&guldcated apapdbyat digthinghD.noHig.at0 ehowetdwapjective denappl i ed
magnetic fieldsis required to nodulate (magnetic field npdul ation method)
dependi ng ocondemsingthe light dieampafiwhichoiocps deldesingetscthe firstalatedasegnal i s
not di rectlé related with the puré)ose of the i n\ég:ngi (%n, and i s, not .

expl ai ned i flcndsecontsd@ka plagiesS -ec'Bh%iWﬂj’eg?féﬁ‘ itB® 10qUseeRIpL 8 ¥ontrol

MALHEH Rt 0 RO
OTE ol Gt B LS4R8 2500y gl R
t enper at ur e of s&&guf &5 gla%% édi.l nl‘ﬁ@rgfi’ec?ivri@fﬁf : A deBHl Fat alﬁé gPlgup, and

data nmay be“recorded or erased incorrectly. e conventi onal opti cal

di sk devi ceyqt hAE alp6wek M ahOtHaR I HR! fifdt (Pitatl![ﬂ%%@ ST HelRi§Othe FightWays
nonitored during the recording operation. Wen the foll owup error exceeds

a predeter myaggh liemeltd PH@ |ﬂlﬂbﬁ%1'h ntendirky datal pleiedwhent Redordiolg ober
recording in the optical disk) 25 usually to a light intensity for
repr oduci ngrepgfvducing.! Tleerefqrepwhed psssing threnghthe secdridydath plane8%;. 9. As
shown in Fig. 8, based on a relative position of the focus E of

25 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



P24323 6 |ight beam and track, an S-shaped tracking error signal is

‘obt ai ned. As shown in the period Tl in Fig. 9, when the focus F correctly
foll ows t hepdqgagk, the tracking error signal beconmes nearly zero. Wen
_going out of tracking control due to amginfluence of disturbance or
vibration, as shown 5 in the period T2 in Fig. 9, the tracking error signal
i ncreases, and a S shaped signal is generated repeatedly whenever the focus

crosses the,track. The trackin ni.t Qr ares t trackin r.ror

si gnal and G&I¢ &?é‘ta-e[r@%glq L(Wgﬁrg?ﬁhe ?lrghlq—:ﬁﬁ%%g?s Wnoevr?dthﬁgme eobr‘%l A
exceeds the , ey th3 JeYels ' tr ' 0

fails or i splgl%fﬁl Pf)este Bhggf’;oﬂ?wg%l&os%ltgsde? ﬁngfi?g%? tl?ltrlé]gr%éi fl;l@ r g)ghlggg%d’rcommnd
signal to a_. e -1l €, : J ik engy Qb | ower s
Fanel Lo, SpRA LEuShrash FitheoUbLoinkEolhEhty LR ePPHLYOESUEGL Shnd |
after the | fn%ﬂidés”&r?ﬁééetléfra{tﬁﬂpghm Prapanddsidasaltids palsd Pe, | awellengl . and
after the intensity of the light beamis |owered, the tracking error signal
is not lpwep&dn fSNbwsithe HesbaanupRinshiana pbeiodell,amd ehebsaihfllogthe
intensity to the reproducing intensity, sinultaneously, a.gain

cor r espondi §gohd ddte pdaganat adetract E8. f Frobhé periogtT; ehefiedmmoesrfaomed
corresponding to the drop of the light intensity. This is an ordinary
process, anthd frstatatpalane to she yecomovdatarplahe. di agram By this operation,
before the focus of the |ight beam goes out of the, 20 target track) the

intensity of theWheghressding dataway she tdatenelaneppbihei digki ht thasifogus
Therefore if failing tracking.control du o di sturbance) vibrati or
physi cal de?@EFOIO?YSgWé hassthe foﬁésﬂéai‘%g‘gEFéG%Wté’E]@a‘f gh9 8k Pg"c"tﬁﬂﬁoﬁ’c‘? and
erasing_incorrecgtly, in jacent track l.n the case thaj .the vent i onal
opti cal 1&i sRPtd%ﬂai ‘L‘ékrlec(ajp?({igt‘i‘d%d’&r???ezgh%ﬁo%‘ﬁﬁr@g}” S %&9&9&%&%8& | ayers
of data plapes, 4f.fak.lli a fogu t.hal i e i tion or
physi cal deﬂb%?elgﬁlvteh Seragﬁ?letn%gbegg\%gge{h%a{?g#ecogﬁégaﬁ%ﬂ{elr?%gé& a%#aﬂt%
incorrectly in.t t ng:; ot y F radi,ng data
in plural Igiyaglres)g?itg %t ﬁ%ﬂ{:?gﬁtl elélmé&%gld[hgvxllﬁfr(l:é1 Saecflg?gggflrmv er)f: %S%%tg hgirenl ayer
during recogfifonctintdatith hheilEsEe sHBY hE&CPhASe OforRpasaftisiatar 1
incorrectlyal T%Cer egltgzr?h&here %the atesl is notﬁi ntendoedpto bé recorgg’d. The
probl em wi | frel@e By CcofRGishtion. | yTREPhsledtod DLt SeleefserthengutputFiod. thHed 5 and
Fig. 11. For recording signals on the first data plane S1, as shown in Fig.
10(A)) 1He toeusllef 8] Med thgliivee dndfivdd thasfothe attustbr dat a pl ane S1. At this
moment, the light beamis also emtted to the second data plane S2, but
since the first Thea, phatmcRingrdntrot systetathaspihenfocss ofrthe light bdampar t

y. . 10 frpmeach other by a distance D, the |ight beam does not focus

sufficient|l ﬁollﬁew tthe traclowa the firpt data laneaieftheprticalndiskdnt Foy this | i ght
ks not 11 BBTReses Hehe: dERFiRAG PRy SYERH)y ESISHRF s FGEE ilndel e d ng
208 " onon diepigesanedh e e A BEe Phod! e @8R 08 the Bt One
Snd t hePbt oPLesk ShuR ER5RE! ALACHD Bl SRRkl Ofnbrflel TebroRbE MMM, ST,

the first dgi@égéégﬁgnﬁwithn al '?ﬁt&r?ﬁ?,, tsitagh §§9Pﬁh§e aé&nPEﬁQaﬁ@ﬂ &h Toe first

data pl ane _shown in Fig. 10(A the Tocus control i1s disturbed by
di st urbance Fe%%enb%@ﬁnbeﬁsmoﬂ.hwh@@Iri«éefmcdrim thetidicking astushome. in Fig.
10(B), the [1ght beam may focus nearly on the second data plane S2. In this
case, signal nayThe ligkpitkeasity emssier dqersives gy lighttintessicy mionisén pl ane
S2 where the signal is not intended to record. Even if not reaching a state
in Fig. 10(Bjgnalffremi the bytieqippickapi 3gand enmpageattbei moRityr sighial) with t hat
in Fig. 25 10(B), the light beam has a small spot dianeter on the second
data pl ase $pd Aqueddtergiipedtgignal, nd datvesnthe semicpndnctos lager efnthe area
increase, the tenmperature of the plate rises, and thus, recorded data in

t he second pxcmngzﬂlegebuapgn&;pblﬁégéze Heht BeamiRiBReI LY FO 8 ReMESEREY &80 di ng
or erasing. .-The siplar operation nmay be perforned when data is recorded in
t he second (ﬁ%%ﬁcﬁﬂg‘:ﬁ‘é- S2. In this case, a disturbed focus control has the
signal in the first data plane S1 recorded or erased incorrectly. 5 Wen
recording signals in two layers during the recording operation, the |ight
beam has the focus need to nove fromthe data plane of the |ayer being
followed to the data plane on other layer. Fig. 11 shows an exanple of a

| ayer noving nethod. In a period T1, the focus of the |ight beam foll ows
the first data plane S1. At this nonent, the focus



10 error signal is nearly zero. For noving the focus of the light beamto
‘the second data plane S2, the device makes the selector 14 sel ect an output
of the | ayem4ppye controller 13. The sel ector opens a focus control | oop,
applies an acceleration pulse P 1 as the focus drive signal, and makes the
“driver 12 drive the focus actuator 5. As a result, the focus of the light
16 beam noves in a vertical direction against the data plane of the disk 1

e o ey S5 etthE P BpriRucilielr ey ih G oPEAN BRRSERLRARY'Y L0

t he second data Blraeﬁgr OCUS error strgn neratéd. The

focus errory, i@%fag is Sreg%’%eﬁd%ﬁrh%%l?%éﬂ Thigikityef SMeNEe hauelist h4, -

and then, a decC rati se is applied as the f'ocus drive signal.

The focus qhediadldiahbultRamtAr6abHEe0lixhamMBssRyOWThe haR is rorasd est or 14

sel ects the output of t focus controller 8, thereby closing the focus

control |ogm optichl tdikk Bperaice tetheigueeusuc dde Iplghe HeargergPey from
fromthe first data plane S1 presently followed to the second data pl ane

S2. 25 kn tfaisrdoper atdgmeto-bpticAb MO pedording, cmpd ipigorens xmertidg. afn
therefore the tracking control |oop is opened at |east once in this period.
That is, afdmyr teshsiggef ohe Heglste ¢oteahsitat 3s platsed, inhe feserdingf thare ihi ght beam
P24323 follows a target track by the tracking contrgl. In other words, soon
after novi ngprodudingsendml tammerptuneeoSthe tnesordigg: fibvain dbe sepending| | ow

the target track. In this period, therefore, the |ight be may record or
erase si gnalegiacmustbergisef. aACFRRILY, ihen Fesgremem & gélatlﬁé‘agbdﬁérdi‘%g’not

case that Sph?egf E°ié§?ﬂ$&%1§¥&%m§$5@ég% PR HRC B G b lef’ﬁ@idigﬂaf e
i st ur Bancdrecprdinge P gt Hefebslfy 5 3Pakire, & I fAREE O RRIAAAARCHE
recor ding ygh BhUERl S alaBRbHEId & FARARCH 9310l labb ubhiBRl i ok

wi th one of ayers of data , reduces an intensity of

the light beam hfbd%léﬁéﬁ?'m?f}ﬁ%?t 19psndihk) oROfld @igriil. @ U sndlulftiofil gnal ;

(1i1) nonitoring an I ntensi ~Treflected light; or (iii) detecting that

an data pl @%o@és A etllihdon! thahi ddtcdiseglyslased withntidipurpeagef. 9 An
optical disk device is capable of avoiding wong recording or The devi ce,

when r ecor diHedinvegtishsahd i@novekplapedisletsdli ng pl ural Further, when
moving the data plane followed by the |ight beam 20 during recording
operatimn to a dBusing amrecorilimg opbmatiomyide, trakkingeontrobmey fasbiduedot he
intensity of the light beam After noving the |ight beamto another |ayer)
the devi ce diabedmncherivibratian, deficts pa dg gmlage@mp;gﬁﬁqﬁl.vedmmpsmgm PTI ON

i Do LR RER AT b Ry ML S TS RS
Paazs 10 Glatebthe feaechigRt Bram e BBl thBoRRne Rs: e
Invention. Fioy +3 beSoduddd®Cdh 39LAT momxﬂgeﬂthgg P the FORANE fifnGh an
20 a recorded region may climb up, and data may be recorded or erased
incorrectly. In the conventional optical disk device, therefore, the follow-
up error of tracking control is always monitored during the reéording
operation. When the follow-up error exceeds a predetermined level, the
light intensity is lowered to that not for recording in the optical disk,
25 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



optical disk device according to exenplary enbodi nent 3 of the invention.
*Fig. 4 is a block diagram show ng principal conponents of an 5 optical disk
devi ce accaahisag to exenpl ary enbodi nent 4 of the invention. Fig. 5is a
_wavef orm di agram show ng an operation of the optical disk device according
to enmbodiment 1 of the invention. Fig. 6 is a waveform di agram show ng an
operation of the optical disk device according to enbodi nent 2 of the

ventt o oo L8PS hEREE TR G sk obmarents of 2

i cal evice. sche ¢ dragram'show ng the

rel ation beblh\@gﬁp iR athgg@dg;@dr‘%lgﬁmaé, Wheh ifie TBBYSH &&99&1}93&%@ i@é sk

device. Fig. I S agram show ng an operation o

convent i onadraagtﬂ}féadlragkﬁ{g gﬁ%}%ﬁ‘gnﬁi&co&{%siﬂéalﬂ;} 78I £S WheARRAAS bAp oo the

conventional optical disk de ice. Fig. 11 is a waveform di agram show ng an

oper ati on ofatkigicC@mtsltd@ned afhflaahceloblisterbaire o20/iDRAHN, R vt THE
PREFERRED EMBODI MENT ( Enbodi nment 1) Fig. 1 is a block diagram show ng a

schemat isc canthgpeaibddi2 ah Big. Gptthe arackinlg deur cégreadcimetiargs,t anédxeBpl ary
enbodi nent 1 of the present 25 invention. In Fig. 1, elenents 1 to 12 and
15 are t he dmpedasignal tisegemematert iropedtedpyt ivcednadieskthiefows etosses ithe Fig. 7,
and the explanation will be omtted. A focus nonitor 16 nonitors an

i ncrease oftrapkanphetoeckisg raonitep k3 pomparesthestracking erigrsignad amdda by a
focus error detector sues sity reducing co d signal

to a |ight pw@éﬁ%nmweéo r‘lfyd%:tflérlrmF?&rlel%gP ﬁvet'x%ﬂ? ATERF S1ET FXCaedHERS f i ed
e Rl BB B L R RIRCE sl b bt o
B b N )
of the di skagh JQWd ENEYgRE ifnSith BRErdIRE A BlWots TRENHAi UFTRL B ght Onal
beam to the reproducing level. In Fig. 9, even after the light intensity
reducing command signal is at the low level, and after the intensity of the
light beam is lowered, the tracking error signal is not lowered. This is
16 because when the device lowers the light intensity to the reproducing
intensity, simultaneously, a gain corresponding to the signal detected from
the ‘6ptical pickup is raised corresponding to the drop of the light intensity. |
This is an ordinary process, and is not particularly shown in the diagram.
By this operation, before the focus of the light beam goes out of the
20 target track, the intensity of the light beam is lowered to the reproducing
intensity. Therefoxe if failing tracking control due to disturbance,
vibration or physical defect on the disk, the device pfevents data from
recording and erasing incorrectly in adjacent tracks.
In the case that the conventional optical disk device records data in
25 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




10 reduces the light intensity. The focus nonitor 16 conpares a specified
reference thl and the focus error signal. A pulse E ,11 is a focus error
signal representing that the focus control goes out of the first data pl ane
S1. A pul 845932 is a focus error signal representing that the focus of the
| i ght beam passes through the second dpta plane S2. 15 A signal is recorded
as the focus of the light beamfollows the first data plane S1 by a focus
control. In this case, the of focus control, tradcking control, and |ight
beamintensity,.control are the sa s,in the cpnventional device, and the
detal | ed dESeIiBERaN: 1 DAl REFToTHane MEd PRy BHITHEEH DWEr BRaTHS @
controlled,so that the signal,canbe recorded 20 in the dafa plane of the
opti cal diostE‘eli.laY 4t ARENRTROrdifig: H dlaga’dﬁlget g’?‘f)lg%l e r? Soréiltss?IEF bahce,

vi bration or, _physi fect . [ i ! i ght
beam goes (gat‘}? 18¥8’fr%gtl’l¥ gﬁs Peﬁ?%%ﬂbgﬁghélﬁatgﬁg n?éé%{sé%éire ?gtrlés%e?genctgP&?%'as t he
anpl i tude L.y LApr [Nafe ; I e peak
o the. . P S Ry g e Y e e T 3 T

| i ght Beampagses)it hrough the second data plane S2, the S-shaped signal as
i ke the pul se . At this monment, if the intensity of the |light beam
i1lum nating thEo©pédogding sidhd 3nlthediisdt daapplanea®lt he shesar th Mgl evel ,
the |Iight beam has the focus approach the second data plane S2, and then
records orl@@)stlse fdeassif ghallight beawo felbeivé tieo firsicddta planeh®l.dafb thisane S2.
The focus nmonitor 16 detects an increase of the focus error signal. 5

Speci f i cal inpmdrite thedight henaint s al® conited do t&lhesebondlsiaéarpiansi%‘}labufand t he
reference thl, and detects that the anplitude of the focus error signal
exceeds t heincefthe dirst date plane Sloand seeend 6ata plang Seomisalosatedbapatius error

signal directly with the reference thil although, in this case.the focus
error ¥l gnipomaach ethex by s ddstapge i}»égﬁd’r% m dges Reh focus st}’r%QPle?ﬁE’ci fied

10 ref b , d i h . i I .b

| Udged by S0 RS9 Re A BrBAReCaR: 1 SEEITe b d et e PLHET R G  he

f ' | . yThe f; it ' ' | f th
focus orr of= fhapallcdRd B i pRiathe, B vt BB AR el B arae ' 12

| ow | evel Hz%e 13 tﬁ@?e%&rgg{ﬁ% i'éé(}%lggell?:tﬁl e, Y fl@rl&ﬁfre&ro}%‘éx’éf?i& B! drGfod Pt ensity

controller imredi ate € 1ntensity t "beamto the

reproduci n&%ﬁxg 'og ﬁigﬁﬁwﬁaes %@?&Y@I SiMALER! ad SEANHIIAFiIEONO[B), Whdd t he

first data plan ges very slightly, the'recording opération is

i mredi g4 el yhd T&lY sptes lightdoddif RHbwsPiRNSe@ndod iy playe Sy aheblight event ed
from 20 wong recording or wong erasing of signal. This is also perforned

when si gnabsamr @odcasy fheds isnflidientlgcantha first dhtanplanz. S2 Eahddherefore) Fig.
2 is a block diagram show ng a schematic configuration of an 25 opti cal
di sk devi cerrangaedindgng or swenglexayingfeigmaintoes not ocerr pn ébedirst 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 disturbahce,

20 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 plané 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.

25  10(B), the light beam has a small spot diameter on the second data plane

S2. Accordingly, the light beam has the quantity per unit area increase,

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



invention. In Fig. 2) elenents 1 to 12 and 15 are the sane as in the
*P24323 13 r conventional optical disk device shown in Fig. 7) and the
expl anationppg3ggritted. A reflected |ight quantity nonitor 17 detects the
quantity of a light reflected fromthe @ptical disk 1 and nonitors a drop
of the anplitude of the light. Wien the anplitude becones snaller than a
specified 5 reference, the nonitor 17 issues a light intensity reducing

ed e, the moni t | intensity re

Govi oo of chBbuEneRy 7 Pas, i Fithbde RO phgbig: Reo uRRRE LGRS M of
vice of e e AT S P _ ;

Conal ot 1 AEURRERRHgdn 476, RRi0d Kilonl (MR, fotokFRLEL B GRTREY

di Sturbanceda¥é$;g 4 @R OmnPiKysicaad Aehiaskbed tbhes dhisolhhs eht ResdAcGys of

the |light beam ows the first data plane S1 and recording signals on the

pl ane. A | owhb ¢v6t d@fa pherel $ DRécorfé @ BS ki asedeigisiregtlgommand si gnal reduces
the light intensity. e reflected light quantity nonitor 17 conpares a

referencg th2 andvhée redordiigedsibhght b5 teuariayeys sdariak. tHheradogdialg i S
recorded with the focus of the light beamfollowng the firs data plane S1
by focus comperation,nthienightchesah hasctheofonss neead tolmove frok blge datat pline and

| ight beamintensity control are perforned in the_sane as in the

convent i onalof dbe layer keing foltowsed ta theddataplanatonoethies laxeronitig.dd. shpwes

intensity of the light beamis controlled sq that th i gnal, can
recorded i namexample pf anlayer m%‘@ngp}PPE@%-dﬁélka JP.erWﬁﬁfﬁt gge ff%\:"rs"fgg}ﬁ rol
di sturbed dye.to disturbance, vibratjon,or ysi cal, def ect of . { he disk
makes the fctER bgam ilPWﬁh&%éé?ﬁ gaé%maflﬁ Phe 41 Fos Hoe iﬁ#\%%%c‘is, t he

f i | lly.h h | i 25 | |

focus srkor s anal ol 8 o LB RS R 1,
¢ . ; . L

the data pl A6y grtSpiilr a2 Hheihvict BElkes Ao settop PASL IS HATRAPECOLY By
pul ses E1) Epoi fvEl movd cotft®lel o1#. The kBRcESBpoRS aVPoeak Womtidl lospm ssed)
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an error is no ]I%c‘)’nger detected. In the device of enbodi ment 2, the

reflected |igH1iedualhedeler@@ivnt gmswplag ehb Fodured fivanigial, ahd thigkds gy
reflected fromthe optical disk 1. The nmonitor 17, upon 5 judging that the

quantity of driedit 12 drivenelie fdvar sctaptn 51 eAsrefreswltcthd fitussefrihet ight i ght
intensity reducing command signal at a low level to the light intensity
control lgr 4eahbanovdshin hi ghticahidérestion againsbthedataiplaneiofitthe \isbvilers t he
light intensity to the reproducing |level. The quantity of the reflected
light is al wesly tovtlexseqpndiata plasel$2%ht Wheantheolighicbears faeugesynegalst he
first or secong data plane as shown in Eig. ?‘ ) . '
to the second data plane S2, an S-shaped focus error signal is generated.
The focus error signal is compared with a predetermined reference level
thd4, and then, a deceleration pulse P2 is applied as the focus drive signal.
20 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 operation, the focus of the light beam moves from
from the first data plane S1 presently followed to the second data plane
S2.
25 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



Therefore, unlike the focus error signal) there is no problemof mssing
the nonentary signal, and a focus servo failure is detected nore securely
However, a pegqgistivity of detecting the out-of focus of the light beamw th
a change of the quantity of the reflected light is |ower than that with the
15 focus error signal. Therefore, if a quick response is required, the
servo failure had better be detected wth fecus error signal. Thus, the

fail d f I Lk ' I h
quant | Ly of RS e ridaark ghioted b ERe Ry I S ik Spof ey
q of BT gt e28 "o et 3 G, ST a0h
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elements 1 {g..b2 1AMk 19nahgs F%oé%r@ﬁré,&h@h@g}&%e@%ﬁ%yfééB?d oPBfdsgal di sk

device shown in Fig. 7, and the explanation is omtted. "An address detector

18 detects apdia@$8cdtaédlPih Wirsdk th 8ir@Bidn wherFeethRr ﬁgﬁapﬂ rdtantiidedao t he
basis of the quantity of a light reflected from P24323 15 the opti cal

disk 1. A | ay@rdnove detector 19 detects, on the basis of the address data,
that the data plane followed by the Iight beam noves to other |ayer and
issues a light intensity reducing command signal to a light intensity
controller 4. 5 An operation of the device of enbodi nent 3 having such
configuration will be expl HAUNMMARY OF BH INYENTEIQNcor ded as the focus of
the light beamfollows the first data plane S1 by focus control) if the
focus control isAd epticabdigdudevipedisseapaiind avaidng WEANS TeRIRAUNE AT def ect

of the disk, the di sturbgnce f. 10 focus f}tréﬂ i s, detected vm'lt.h ttle f ocus
error si gnalViORESHISHIEORS1E Yy 1At FPELPRR 03 glﬁt 155 whereofhie stgngl s et |

mbodi 2. This i L byt af f [haht b
gocs. outbor eiebdetorrefain Pug SUR e e Bhellds URSTRGL obfife UR™  pE™
Ut _ C ¢ j . |
The Tocus conrond BreatigERBTE diabhics e O phvoibdocl dWR C00n
returns to l&‘?li‘,galrrr{ﬁ!thewéé%‘t??é&rdir%%g%eisﬁlﬂgaltl@?e}&”})orary di sturbance of

the focus coOMtr with no itoring focus error signal or the quantity of

the reflected |igiHe ddiBe, dRHER SebBRAiNE 6lnAlS ARl chtiRabdiskuRaving plaralhe data
pl ane of a wong layer, which may cause a serious problemfor the system

To prevent fhyérs oft dath plarisd aetdackd hatintéwsitpofisheflightebéamghto hdawel s
noved fromthe data plane of the |ayer to be recorded, and the |ight

i ntensi tig i urabdeiced ré@rihdatepmodhei optitadvdisk Aatharoreaof, thee dollewing hod of
detecting the layer nove) the address detector 18 detects the address data
on whi ch a sipgrafions; ()evonitedingra foenszgren signaki{t) manitaring andptensdiyect or

B9 S S P ) et B S Y SRS
APl LUde Of oY robiiaes moved to ahothed l§arod 1ot P24323
Further, when moving the data plane followed by the light beam
20 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.

BRIEF DESCRIPTION OF THE DRAWINGS
26 Fig. 1 is a block diagram showing principal components of an
optical disk device according to exemplary embodiment 1 of the invention.

Fig. 2 is a block diagram showing principal components of an
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focus of th&ORYeyMionad

16 varies depending on the layer. The optical disk device learns it when

‘starting to reproduce signals and identifies the |layer with the anplitude

of the quanpgfgpzof the reflected light. Besides, |like the reference thl in
Fig. 5 in enbodinent 1, the device mayjipas the focus error signal 5

“conpared with a specified reference, may count the nunber of tinmes of the

focus error signal exceeding the reference or a history, and thereby, may

det ect the nunber_ aof |ayers ere the light b .MV on. Thus, .various

mot hods ar cORtENR ik deviFeaceRsdung 1 eXaTRRI T FERDGTENT % oh the IXEBHORDy e

cannot be detected with t foocus error, signal or .the antity of. the zZO

reflected |ight ﬁkgh\é’\g Ilﬁg?'n?belloﬁlf e‘ﬁég’f%mi §h9‘1¥%&@d’“bﬁ1%%b€g§1}’°8h8¥%%nﬁn

recordi ng or_w ernasi n . v . j Fi is a

bl ook a1 ar SR CFE 2 2ieE B AL L BRIRBIAAS con BRI Y chl dnlptign: ¥

devi ce accordi ngF%? @&g@'ﬁg&EGmgﬂéﬁﬁgﬁo&i@ priYeciPAE 6D ohBH AN fin '~ In
S to 12 5 are op

Fig. 4, elenent an the same" as 1 n the conventiona tical

di sk devj ce, SO dFRe abeordisly t48xEMplaagainmbedinferad bt b infehfiper MovVe
control ler noves the focus of the |light beamto 20 other |ayer. A

sel ector 21 sel epis PiLadhatdforhotiagraansliowingr ai opedatitee of djieroptived

controller 20. A controller 22 controls the selector 21) |ayer nove

control | er @3k duvicd a@bidinattersnbodiamntrloof e ihventionper at i on of the

opti cal disk device of enbodi ment 4 having such configuration will be

expl ai ned. 25 WiFig.reétondivagefoimndiegram shawingyan operdidon ¢f theqipticd | i ght

beam needs to nove over the |ayers of the tdzﬁ?g‘ pl ane during a recording

operation. Hiskedastice agcordingioambesimend oot thesVEPEPE- during the  P24323

17 recording operation) ag.explained in the conventi.onal device, .the
i’rl%éi‘edﬁ fﬁe %ei on not

signal Ky be reltg-dédinR REEIR r SRAWIRG RTHEPRL SePOReR

intended to be recorded .bz ahﬁé{ime when the |light beamfollows a target
track of theoRyeqtonsd eppicakdipkdevite: o1’ |'er 22 sends a light intensity

duci dysi | to the.li i E th
ntensi ty of theFrFane deduiaus dBlmanl SRTINY e RIRbhYerhbR d KRS | 12
quanti ty of oaaly ghal 6 URo4SHehEBEN! hiRiclistiell dbsics] so reduced, and thus, a

gain of the Tocus®con system and tracking control system decreases, and
hence, the gain ?fl the ;60nt kRlvelddns YaiapraReedowifgbanr absastidd ofechssary.
Then, the contro %r f makes the selector 21 select the output of the
| ayer nmpye eomvdritidifi]l opbicabAitkidwritryer noves to the focus of the beam as
explained in Fig. 11. en the nove of the layer is conplete, the
control l er 22 malfgg. L0eilkstexttorar? bpsedtémi of htheo conpeemtismad hepticad udisk
controller 8 apd close the focus control |oop. Further, 15 the controller
22, after tldevicecus of the light beamis pulled into the track of the
target address, controls the light intensity confroller 4 tq raigse,the
intensity of theliggil Beatn Waselermo diggranacehefng |aé\/é1p.er§3}°{lh8€ethe
operations, the light iniensi remains at the reproducing |level until the
émtﬁépab;’%d‘i‘ﬂ%e't arget track of the layer at the 20
desti na% on. Therefore) regardl ess of stability of pull-in of focus control
or tracKrng control, a signal is not recorded or erased incorrectly in the

region in which theRsERIPTIONGF THEPHEFHIRESFEMBADIMENTE fOf egoi ng

embodi ments 1 to 470 e inv I on, ght Intensity 1s reduced to the
repr oduci ng (Eﬁi’t?ddih@n@rﬁ]er to prevent wong

Fig. 1 is a block diagram showing a schematic configuration of an

optical disk device according to exemplary embodiment 1 of the present

25 invention. In Fig. 1, elements 1 to 12 and 16 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




25 reading or wong erasing. The level is not specified as far as wong
‘recording or wong erasing can be prevented. The |ight beam nay be
substanti al Ipp4zggned of f. P24323 18 I n the devices explained in
enbodiments 1 to 4, when recording signaks in the first data plane S 1, the
further plane froma |ight beam source, a signal is prevented from being
incorrectly recorded and erased in the second data plane S2, the cl oser

I f t light b 5 Thi [ i 11} lLiedt
Phe case.of BFey &P D EBAL G PY SR rgTon s atn § Pelhofen il aced”
in the first, WD ' i ] - t :
nccording t o SSH FENALE cpfuERE STl o AT shibhctly SREA0H,ET PP TS
case of the gxnlARAtiMlexcERls afRBIeAYoisrehicd] | arly_applied to the 10 disks
havi ng three or ur layers, or "any plural |ayers. The control nethod of

the I'ight beam exph aphpedidhofHOgviENbSerhbb@indents 1 8ilichY 6¢blaindd i Faf.t war e
on the m croconputer incorporated in the optical disk. The nethod may be

execut ed goy mxternal devices connected to the optical disk device. 15
| NDUSTRI AL APPLI CABILITY '~ The invention relates to an optical disk device
for recordi ng datBEig. b tdlmwapti éadusdestor hsignaly guidirleghtl aytemsityf relducngl anes.
The optical disk device of the invention includes a focus nonitor. 20 \Wen
si gnal s are cosomandd signalhander i thd adndiciomviheg ther ficusagentrobf deping
pl anes, if the focus control is_disturbed during recording operation due to
di st ur bance, regprhingiis ausof praey dus tadisbarbagice yibratipporyisas get of

oher | ayer 1 Aienh PBnIURL el BERhd Bt SRCvHBETaRE L
of oot olf |1 IAHcER he EEPORY: conh ot e, 1P RaareP 4 SEfRedn o

t be detected by f ' | i [ ' bei
ncorrect !y ipsiiss 2hio BRHCUR K LAE sigfhly! MBujed O RLARe AP T2,

different f rﬁ@l?ﬂﬁeﬁ%ts@nﬁ%lg'%ﬁaﬁ’ @hé“"f&fﬂ doberall g8 o tSof §eCfifl dathhslagRt | cal

di sk device 0 e1nvent1 on may I nclude a |layer nove detector. I'n the case

(hal e {ooss, AL g thpundesto sl pt e g aouioseumlt el oo,
time with a fight/behpissss ghindtughrthe seebhddaealpldigh2guantity,

15 A signal is recorded as the focus of the light beam follows the first
data plane S1 by a focus control. In this case, the of focus control,
tréfcking control, and light beam intensity control are the same as in fhe
conventional device, and the detailed description is omitted. The
intensity of the light beam is controlled so that the signal can be recorded

20 in the data plane of the optical disk 1.

If the focus control is disturbed due to disturbance, vibration or
physical defect of the disk, and if the focus of the 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

25 signal, and gradually decline. When the focus of the 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



the device prevents a signal frombeing incorrectly recorded or erased. The
“optical disk device of the invention may include a | ayer nove controller.
Wien signapg,sgse recorded signals in plural layers, the signals 10 are
_prevented frombeing incorrectly recorged or erased in a region of the disk
where the signals are not intended to record. ,s P24323 20 CLAIM5S 1. An
optical disk device conprising: an optical systemfor condensing and

emtting a_light beamtqQ an optical dis ayi | ural, data pl anes ,at a
it o r ocor dis AR thp resomingdpuclefho fiebt Gl Hes ths el Riotieidtt i ng a
focus error, signal, correspongdjng tq a relative displacenent .between,a focus
of “the |1 ghRS BRE HETGah Ackined 5R0RlF Geaep R RE SRR i BRI Mm ¢ ne
data planes; a fogus controller f§ mat ching the focus of the |ight beam
with the dé’?cgrbefcg eglﬁlé?agﬁgafﬂ "6°%'he focus error signal: 10 a |ight

intensity contrehlef,.f, (r)nrllﬁd\fri:fga{ Egl c;élgcﬁr‘aﬁ Hh&R8LE ¥t the f{g@ﬁe{?ﬁ]&% ﬁEQx?éithand a

focus nonitor for noni ocus error signal, t

intensigy g@@t&{@b}l ! t}@é)mchglxﬁoﬁﬁsg i1§tc%§gbéﬁés%etf6@ué bERE e slepergli ng on

an out put cus nonitor. 1 . The optical disk device of claim1,

'~ wher ei RofobEndOEHS, ARAI EectPBhAOtEe AinpBdRASE the fabue@ptdrt sigaadf t he
focus error signal, and wherein the light i1ntensity controller reduces,

dependi ng @Rcddis e Mifbpsriceath 1t héTHeofuemisnmonitor 16t meayi congpesiet theofoctibie | i ght
beamto a |l evel at which data can not be recorded in the optical disk. 3.
An opti cal edicrksigral derectdypritlsithe refemengs fhlaalthgeglemnf s casedtdresfonys and
emtting a light beamto an 25 optical disk having plural data planes at a
dat a- r ecor @atiresignakhsas tg be proessged @rvebaglgggwmm@gh&g-orP Jugpl geecibied ng a

focus error signal corresponding.to. a relatjvye displacenent between,a focus
of thel1pj gn‘gfe@'gmﬁs may413£2get, andgthe increase otl ﬁle errop signal may be J\aﬁged

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 intensity reducing command signal at a low level to

15 the light intensity controller 4. Then, the light intensity controller 4

immediately reduces the intensity of the light beam to the reproducing

levef. Thereby, whenever a normal recording condition in the first data

plane changes very slightly, the recording operation is immediately

interrupted, and the data plane of other layer can be prevented from

20 wrong 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
25 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



21 and the data planes based on a reflected Iight fromthe data planes; a
‘focus controller for matching a focus of the |ight beamw th the data

pl anes dep§gﬁ' on the focus error signal; a light intensity controller
for controlling an intensity of the light 6 beam and a reflected |ight
gquantity nmonitor for nonitoring a quantity of the reflected light fromthe
data planes, wherein the light intensity controller controls the intensity

of the |ight beam dependi ng on an out put of ef | ed light .quantity
moni t or . @omvenﬂ@n@gpp@salgd1%q< defage @BOWI H khgné aﬂﬁé&‘élfﬁ‘ﬁl ’éafrl%'Flléct ed
i ght quantity npni rmnltor a drap of the t|t f the reflected
light, and SRRE#d-n H@ﬂPFEj’Iﬁ]thg 8H§Pf‘§y (?E)‘?ﬂlmﬁ ert%‘if}ﬂ(ctg"s’ ‘bae‘HéWd?fﬁ@ on the

h d, .l f h
oht beaml egﬁtareeﬁ@séq by el Ag g ”ﬁ’l%'gtt‘ﬁé%ar 8n of b6 Rieelishie
di sk. 5. A :
cl)?]densi ngn @199 q}}tl ng g%?,:/ ﬁ? %Iﬁgnhk(gé 2%03181%8 ?ﬁa ?kdtfhxsé%t%gé %Crglﬁeﬁiural
data pl %nesre%re ]g:gattﬂerﬁ%?ﬁt%"i‘b!l@ llsE'ﬁ@b“%t' rlﬁé,nhtalrft@ﬁéﬁyeferd%{cnﬁ Qoaimaggect or

for detecting ocus error Signal corresponding to a relative displacenent

bet ween a fﬁ%ﬂ&lﬂ;ah'gﬁt|1hﬂa|ﬁs1t@eéﬁﬂtfdl%rttf‘e data pl anes based on a reflected
light fromthe data planes; a focus controller for matching the focus of

the |ight beam vAhkp bh@u&@ of shé dpvias of eftpdidieng 248 ekpihod ts Fegr&r si gnal ;
alight intensity control ler for controlling an intensity of the |ight

beam and  P243Rik. R showayesveforms déte cefdectbdrlighdt geantity sigmal tamed focus of
the Iight beam noves fromone of the data planes to other of the data

pl anes, whelighthinteasitygreducme nginnyand sigril| afr theemaeent wdsanthenfpcys an

out put of the |ayer nove detector the intensity of the lig n@b{cfj amto a

| evel at0 wheastrdl igaout @%ﬂrdﬂé't we to ée%ﬁuabm% vibeatign or ahyaicak defect of

A kg BeeBesfoad of Hhe o Brans YSHIEW HRE 20 d50S I8
and recording signals on the plane. A low level of the light intensity
reducing command signal reduces the light intensity. The reflected light
quantity monitor 17 compares a reference th2 and the reflected light

15 quantity signal.

The signal is recorded with the focus of the light beam following the
ﬁrsf’ data plane S1 by focus control. In this case, the focus contfol,
tracking control, and light beam intensity control are performed in the
same as in the conventional device, and the detailed explanatioh is

20 omitted. The intensity of the light beam is controlled so that the signal
can be recorded in the data plane of the optical disk 1.

Wheﬁ the focus control disturbed due to disturbance, 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

25 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 10um apart as



optical disk having plural data planes at a data-recordable intensity; 10 a
“focus error signal detector for detecting a focus error signal
correspondipgyshg a rel ative di spl acement between a focus of the |ight beam
.and the data planes based on a reflectqd light fromthe data planes; a
focus controller for matching the focus of the Iight beamwth the data

pl anes depending on the focus error signal;,15 a light intensity controller

for controlling an jntensity of e. light bea anc¥'~ Iﬁ eg_Jove

' er ohchad: by BREeROEDs T ihd i N bBARTPE BhoRtr SRS
gfgtn;g tgrot her ofI §e. dat aOHI :.I’IES' v\/merI iﬁlfg&edkfe%@%d' nte éﬁgv%grga; gl | er
reduces t heVA¥efonEr R} 15 mished) ARHETIh 1588 OB R AP & ¢ at V\,E}?c data can not
b ded in th igal. disk, : |
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whi ch i ncl ugesy qggygcg&%ﬁ@éte&yﬁ{@ﬁwﬁ@gog%@%gkng. angeeMditRd1?, HxEGBt beam

to an 25 optica avi ng plural a planes at a data-recordabl e

intensity; fdrEShEE tRE 2habRY ofeipdRtisNower tHeh eChpdigfied rofewon® ti2, si gnal
corresponding to a rel ative displacenent between a focus of the |ight beam

P24323 and §he1 @Ré dightafifensity redatimegcesthmiddesigail atas dbimbpveheo ftheus of
the light beamwi th the data planes; and a light intensity controller for
cont rol | i nglight i fitensity ycaftrolber 14.ghThenbethm lightd intirsity conprollerng t he
steps of: detecting the focus error signal based on a reflected |ight from
the data pl amemdiatedy dowers|thenjghhdntensitys te ythef repredurigig leyedm dd@gendi ng
on the focus 10 error signal. 8. The nethod of claim7) erein Igai d step
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However, a sensitivity of detecting the out-of-focus of the light beam with
a change of the quantity of the reflected light is lower than that with the
15 focus error signal. Therefore, if a quick response is required, the servo
failure had better be detected with focus error signal. Thus, the failure

ma';' be detected preferably with the focus error signal and the quantity of
the reflected light.

20 (Embodiment 3)

Fig. 8 is a block diagram showing a schematic configuration of an
opticai disk device according to exemplary embodiment 3 of the present
invention.

In Fig. 3, elements 1 to 12 and 15 are the same as in the

95 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 light reflected from



reflected light of the |light beamfromthe data planes; a focus controller
“for matching the focus of the light beamw th the data planes; and a |ight
intensity cppigoal l er for controlling an intensity of the Iight 25 beam
.said nethod conprising the steps of: 23gmwnitoring the quantity of the
reflected Iight; and P24323 24 controlling the intensity of the |ight
beam dependi ng on the quantity of the reflected light. 10. The method of
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control l'i ng; rﬂ%n@ﬁ?'c%ﬁtro@le?&l whi ch i ncI udes: an optical system for
condensi ng an tting a light beamto an 15 optical disk having plural

data pl ages at aagdatsperaciondalil ehe nidenivet yif @nhlaydimemnmye3 dhaeieigorsvichr
detecting that a focus of the |ight beam noves from one of the data pl anes
to other of cofgahaitiorpiilbes exaldineds control |l er for mat chi ng the focus of

the light beamw th the data planes; and 20 a I| Intensity _controller

for controlling éi%hllemaesngnalylsa‘bcwd@dlasgwhe foensof ¢éllghétbﬁéal é@mﬂ@ieng t he
steps o detecting that the focus of the Ilgoft beam rmves frorg ne of t he
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step of det Eflcctulsngontro ete]::t%% 11:?1f theh?’oclulsgepx:[rmb es‘fiﬁgnal 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 relatively short time. -In this case, the focus control is
156 disturbed temporarﬂy, but the focus control soon returns to be normal.
Therefore, if missing the temporary disturbance of the focus control with
moi‘ﬁtoring the focus error signal or the quantity of the reflected light, fhe
device may record signals continuously in the data plane of a wrong layer,
which may cause a serious problem for the system. To prevent this, it is
20 detected that the focus of the light beam is moved from the data plane of
the -layer to be recorded, and the light intensity is reduced to the
reproducing level.
As an easy, secure method of detecting the layer move, the address
detector 18 detects the address data on which a signal is recorded on the
25  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
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operation. However, if the beam moves over the layers during the
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5 The controller 22 sends a light intensity reducing command signal
to the light intensity controller 4 to reduce the intensity of the light beam
to the reproducing level. At this moment, the quantity of a light reflected
from the disk 1 is also reduced, and thus, a gain of the focus control system
and tracking control system decreases, ar_1d hence, the gain of the control

10 system needs to be raised if necessary. Then, the controller 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 controller 8 and close the focus control loop. Further,

15 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
int’:ansity 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

20 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 foregoing embodiments 1 to 4 of the invention, the light
intensity is reduced to the reproducing level in order to prevent wrong

95 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.
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According to embodiments 1 to 4, the two-layer disk is described for

the ease of the explanation. The invenjcion is similarly applied to the
10 disks having 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.
15
INDUSTRIAL APPLICABILITY
4 The invention relates to an optical disk device for recording datd in
the optical disk having plural layers of data planes.
The optical disk device of the invention includes a focus monitor.
20 When signals are recorded in the optical disk having plural layers of data
planes, if the focus contro! is disturbed during recording operation due to
disturliance, vibration or physical defect of disk, the signals are pre\'lented'
from being incorrectly recorded or erased in the data plane of other layer
different from the data plane on which the signals are recorded.
25 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
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detector. In the case that the foeus control is disturbed, even if the device
5 does not detect that the focus of the light beam moves to other layer in a
relatively short time with a focus error signal or a reflected light quantity,

the device prevents a signal from being incorrectly recorded or erased.

The optical disk device of the invention may include a layer move
controller. When signals are recorded signals in plural layers, the signals
10 are prevented from being incorrectly recorded or erased in a region of the

disk where the signals are not intended to record.
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a focus error signal detector for detectmg 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 s}gnal;
10 a light intensity controller for controlling an intensity of the light
beam; and
a focus monitor for monitofing the focus error signal,
wherein the light intensity controller controls the intensity of the light
beam depending on an output of the focus monitor.
15
2. The optical disk device of claim 1,
4 wherein the focus monitor monitors an increase of an amplitude of
the focus error signal, and
wherein the light intensity controller reduces, depending on ‘the
20 output of the focus monitor, the intensity of the light beam to a level at

which data can not be recorded in the optical disk.

3. An optical disk device comprising:

an optical system for condensing and emitting a light beam to an
95 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
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wherein the light intensity controller controls the intensity of the light
beam depending on an output of the reﬂeqt_,ed light quantity monitor.
10
4. The optical disk device of claim 3,
wherein the reflected light quantity monitor monitors a drop of the
quantity of the reﬂécted light, and
wherein the light intensity controller reduces, depending on the
16  output of the reflected light quantity monitor, the intensity of the light
beam to a level at which data can not be recorded in the optical disk.
A
5. An optical disk device comprising:
an optical system for condensing and emitting a light beam to an
20 optical disk having plural data planes at a data-recordable intensity;
a focus error signal detector for detecting a focus error signal
correéponding 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
25  data planes depending on the focus error signal;

a light intensity controller for controlling an intensity of the light

‘beam; and
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5 data can not be recorded in the optical disk.

6. 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;

10 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 the
data planes depending on the focus error signal;

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

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

one of the data planes to other of the data planes;
wherein the light intensity controller reduces the intensity of the light
90 beam to a level at which data can not be recorded in the optical disk, and

then, the layer move controller moves the focus of the light beam.

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

an optical system for condensing and emitting a light beam to an
25 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
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detecting the focus error signal based on a reflected light from the
data planes; and
controlling the intensity of the light beam depending on the focus

error signal.

8. The method of claim 7, 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 an amplitude of the focus error signal increases.

d 9. Amethod 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
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10. The method of claim 9,

5 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
10 level at which data can not be recorded in the optical disk when the

quantity of the reflected light decreases.

11. A method for controlling an optical disk which includes:
an optical system for condensing and emitting a light beam to an
15 optical disk having plural data planes at a data-recordable intensity;
a layer move detector for detecting that a focus of the light beam
moges from one of the data planes to other of the data planes; |
a focus controller for matching the focus of the light beam with the
data planes; and
20 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
25 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
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an optical system for condensing and emitting a light beam to an
5 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
10 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 |
15 then, moving the focus of the light beam from one of the data planes

to other of the data planes.
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