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1 Focus control scheme with jumping focal point The present invention
relates to a focus control method and apparatus for controlling an objective
means, e.g. a focusing lens, to focus a radiation beam onto a predetermined
spatial level of a record carrier, such as ah optical disc. 5 To read or write on

RIGRUCh B NE A ARA (ﬁ&&ﬁ%fmﬁﬂﬂémt e.g. an optical data storage
medium such as a CD (Compact Disc) or DVD (Digital Versatile Disc), a

radiation beam, e.g. a laser beam, has to be focused onto the storage
medium. The effective optical distance from the focusing lens to the
recording surface has to be kept constant. To 10 achieve this, the focusing
lens must be brought in proximity to the recording surface, for example by
means of an actuator carrying the focusing lens. This actuator is part of a
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signal (FES) which in turn is derived from light reflected at the storage
FRBHRIHREEy ODdsHivaIBraRs: Ates Arins tiftial e, ftesse b e 108K %and,
pearidiened spagaases beamdsriepiriorfeatisanithgtiigrage 15 medium at all
times, following bending (flutter) and thickness variations (both of these give
rise to so-called axial run-out) and compensating for accelerated motion of
parts of the system due to for example a mechanical shock. For the future
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aperture of the objective will raise to NA = 0.85 or even to NA = 0.95
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layer is provided, 25 i.e. "first suiface", possibly through a thin cover layer.
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medium at all times, following bending (flutter) and thickness variations (both of these give
rise to so-called axial run-out) and compensating for accelerated motion of parts of the
system due to for example a mechanical shock.

For the future generation of optical storage systems, it is expected that the
numerical aperture of the objective will raise to NA = 0.85 or even to NA = 0.95 to thereby
improve resolving power. Despite this tendency of the objective to increase in size, however,
the increasing demand for high rate data and access time forces the total mass of the objective
to shrink. This can only be accomplished if the focal length and hence the free working
distance (FWD) is reduced. As a consequence, the smaller FWD will ultimately require that
the disc will be read out and/or written from the side where the information layer is provided,
i.e. “first surface”, possibly through a thin cover layer. This is in contrast to conventional
optical discs like CDs, where the information layer is illuminated through the 1.2 mm
substrate.

Another reason to change to the so-called “first-surface recording” is the tilt

margin in case of the conventional “substrate incident recording” to prevent both spherical
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margin in case of the conventional "substrate incident recording" to prevent
both spherical 2 aberration and comatic wave front aberration as a result of
refraction by the substrate. In case of a high-NA objective, the highly curved
wave front narrows down significantly the? maximum allowed tilt and thus
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thin cover layer may be useful for at least three reasons. 5 Firstly, scratching
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10 reflection coating. In magneto-optical recording, the reflectivity of the data
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control surface quality, disc curvature and anti-reflection cg)atin s are thus
fRYEE YRR HSGoRT Q54T MagmE defetishth Rowest Storapd sy sehherdiitre:
KadUisaal RETREEENGE feslysioek ahelasentibtaner do A fiast MaMingdeptRdItastings

which & tear‘”ﬁe"é‘ﬁtvhﬂt” o%%qter"é‘é‘vsé?"i‘reé‘rtﬁ%"é%‘%ﬁ&%e@&%@%@ i H‘ﬁ&%?ﬁ%‘
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transparent cover layer, a problem occurs when the cover layer thickness is

gurtipaditns o tusart antickifgtiah germerdreiime iesfesponds to a 25
straight part gbausape.ie theont fuakevenbigich shavs sosghematiasdiagiaguire
indicatin %sim le FE curye as obtaiped for an opticafl disc wiltlhout cover
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transparent cover layer. Additionally, the optical reflection by the cover layer may be
significant in comparison to the reflection by the storage or data layer.

However, if focus locking is initiated at such close distances to the fast
moving disc surface which contains the transparent cover layer, a problem occurs when the
cover layer thickness is comparable to the focus locking range (FLR), which corresponds to a
straight part of a slope in the FES curve.

Fig. 2 shows a schematic diagram indicating a simple FES curve as obtained
for an optical disc without cover layer in first-surface recording. The horizontal axis indicates
the amount of defocus (df). As an example, the FLR may be in the range of 8um. A similar
curve will be observed for a disc with very thin transparent cover layer, in particular if the
thickness of the cover layer is small compared to the wavelength of the focused laser beam.

If first-surface recording is performed for such discs, ambiguous feedback
signals may be provided to the focus servo system. Moreover, the axial motion of the disc

surface may be too fast for the servo to close properly, or the bandwidth of the system may

be too small to keep the focus overshoot upon initial servo closure within the FLR. In
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the amount of defocus (df). As an example, the FLR may be in the range of
8m. A similar curve will be observed for a disc with very thin transparent
cover layer, in particular if the 30 thickness of the cover layer is small
compared to the wavelength of the focuséd laser beam. If first-surface
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provided to the focus servo system. Moreover, the axial motion of the disc
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closing of the focus servoﬁoop can no longer be guaranPéed, and in addition,
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shows a schematic diagram indicating a focus error curve of a disc with a
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focussed on the recording stack or data layer, while a secqand type of zero
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layer s fairley thin, the FES contains false zero crossings 2 corresponding to

1BeGRLFhEFBT tBycef ehihedvertageriitstend ertiel dpan inyritchyloaarhen a zero
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happens {o b%lonfe of th(? false z o cross'in S % the Iaae beam will.be .
will be.un ?sufa Ej Qcusse ?n to(g) (%ﬁt e cover layer, } 1s noted t etlhzeiro crossngss at which
undesiranly tocussed on top fthe cover layer. Tt is note al zero crossings
dtewhigh2OhtheEdl dpe bf e EsERslzasithel oppokiteabignsane dlseanmdesivablhe, the
FHoce, AR ML RHBG FI36 N fsh ARV IBEIRT .G Sfy0 loop upon
detection of such a crossing.

It is therefore important to position the disc in the axial direction in such a way
that only useful zero crossings are observed before closing the focus servo loop. In the
particular example of Fig. 3, the focussing lens was brought very close to a stationary disc,
and then it was first moved away from the disc. This is contrary to what would happen in a
normal optical disc drive, where the focussing lens approaches the disc from far away, and
hence observes the FES zero crossing first. It is noted that the direction in which the signal
crosses zero depends on the direction in which the focussing lens is moving, which implies
that the right direction must be preset, e.g. in the electronics, to guarantee proper closure of
the loop. If, unexpectedly, the focussing lens moves in the wrong direction, i.e. away from
the optical disc instead of towards the optical disc, for example, while the focus servo loop

hasn’t been closed yet, the focus servo loop may close at an intermediate zero crossing,

causing the focussing lens to bump into the disc.
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It is therefore important to position the disc in the axial direction in such a way
that only useful zero crossings are observed before closing the focus servo
loop. In the particular example of Fig. 3, the focussing lens was brought very
close to a stationary disc, 25 and then it Wlas first moved away from the disc.

This is contrasy g whiah Q48 H20pen i1 A mRb ARUsalJiSE AHNS aMOBES pull-

the focussing lens a proaches the disc from far away, and hence observes
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closed yet, the focus servo loop may close at an intermediate zero crossmg,
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e optical disc. Thé movement is stopped when the objective lens
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mecammd@ctag@énmﬂesfaner arhes 40 lohgectiseub thus promptly pulled in to a
position near the capture range of the focus servo loop related to the data
layer. The read sum signal contains two peaks, one at a time point
corresponding to the disc surface and another one at a later time point

corresponding tobeslata lsyjest bamepeseiniaasaion tb@@b@m fisstrstifiace
recorotling&t%pe tgu(?lt) o the sm?ll thi ckness f the cover | la er, 1o the sumn d
BRRA HEARE Wil D& vISIBIE RS cc%é%q%“’ﬁ%re OIS SPoB A HEL GG dehieve
thispriozsartfis ﬁcsﬂ@ngfecreusecbcdmg iwithehefore@iagbiject of the present

Invention to Wﬁﬂ'gl%e%tf%%ﬁ&%ﬁ@ a focus control apparatus as claimed in claim 1 and

a method as claimed in claim 11.

Accordingly, the solution is based on a new insight that it is possible to
increase significantly the allowable mechanical overshoot to match the defocus margins as
set by the FLR and the relative position of data layer, disc surface and focusing lens. Extra
mechanical margin can be obtained by dividing the process of focus locking on the data layer
into a stepwise procedure, wherein the focus is firstly locked onto a reflection signal
stemming from the second spatial level, and then, secondly opening the servo loop and
moving the objective means towards the record carrier by an amount related to the distance
between the second spatial level and the desired first spatial level. The result is that the
radiation beam is now focused on the desired first spatial level when, thirdly, the servo loop
is closed again. Thereby, the relative speed of the objective means, e.g. optical head
containing the focusing lens, with respect to the disc can be made zero before actually

moving or jumping the focal point from the cover layer to the information or data layer.
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apparatus and method, by means of which proper focussing on the data layer
can be achieved 20 even in case of a first-surface recording with thin cover
layer. This object is achieved by a focus control apparatus as claimed in
claim 1 and a method as claimed in claim 11. Accordingly, the solution is

PRE.AAN 2 MMNEINRIIPE b i8R BSPRIG LR AN BRSE: SIGHIICRRIM RS any other
allowable mechanical overshoot to match the defocus margins as 25 set b
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foc in the data layer into a stepwise procedure,.wherein the foc
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between the second spatial level and the desired first spatial level. The résult
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when, thirdly Athergatyeledpstissptoserkagaind Ifeie hdheasetativepspe edaof
the.objective means, e.g. optical head . cgntaining the focusing lens, with
S e U A S
fecaldpeimicfrom the cover layer to the information or data layer. 5 Detection
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other preset signal level is always the correct zero crossing to start with. The
Broinseadvsrertiare enraitesl thiotHarginr figtnlelaieadrobe deiessiomriensiend
partieyd lgrlyiampataialisoeaspoall sMallcbi Reyaine Yiepcecredtiseindhe iskdahis
bumping jnto the disc, which again reduces the 5 risk of damaging the disc or
8 Joerétlf%/eall'ens due to a head crash. Therefore, the proposed control scheme
is superior tolthezdpitialy degegibechphiopantit¢izebiamihdrropeefdayemgith the

BaPISIR0CeOLR2:E1 TEEA0S FAGdDGASSIHBETEHI S FHYIRPLIRG RIUSCHY BelBreset,
very small. According to a first asBect, the second spatial level may

5 FRSOREY fol PPt Red TR therfiest spfdithe frlstngphemPriodhsesgond
eputieBROBI i0case ata layerieh thikerd @ FRGOS eEREHEE sABEPKIINIG A0 Be SRGAMAGHed,

ashect;the seronfl spataljevel may corrgspond o, fisthedative-SIape. Jero
Zero crossing or a focus error S|gna¥c?e§ec?e8%y%ﬁe detéection rﬁeans, a%d
crossing and then onto the second negative-slope zero crossing. This second aspect may be
advantageous and useful for thicker types of cover layers. The move of the objective means
by the predetermined amount may be achieved by a jump operation initiated by the focus
control means. In particular, the jump operation may be initiated by the focus control means
by applying a predetermined jump pulse to the actuator means. Thereby, the actuator can
swiftly push the objective means towards the disc by the required amount which reduces
focusing delay. The predetermined amount may correspond to an effective optical thickness
between the first and second spatial levels.

The focus control means may be configured to finally close the focus control
loop again after the move of the objective means by the predetermined amount.

Furthermore, the focus control means may be configured to control the
actuator means to reduce the relative velocity between the objective means and the record
carrier to zero, when the locking to the second spatial level has been detected. This reduces

the risk of a head crash.

Further advantageous modifications are defined in the dependent claims.
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the first spatial level may correspond to a second negative-slope zero
crossing of the focus error signal. 15 Thereby, two strategies can be
provided for obtaining proper focussing on the data layer. In case of a
situation where two crossing signal levels’for servo lock can be preset, the
focus servo loop can be first locked onto the first spatial level and then onto
the second spatial level. In case of a situation where a single reference
signal level can be maintained, such as the zero level, the focus servo may
first be locketRiedhe firsinnegatiiershopedestabdd 6fiaksingiantthienctsnied
(he.sseendneqalive:slons gero.crossing, This second agpect may be

a van]tageous and use uf?orﬁihlcﬁ(erpty eLot Cov layers. The move of the
objective mekiss livhdive prelaterinhedk dragrant vhayobes achienlad e agerriing to
AReJRIgRINIIES Bynibe focus control means. In particular, the jump

operation may be initiated by the focus control means by acgplying a

predeterminddguniB PSe itptHE Rdiaaisr AfdHns Crierleby dre actiardrtan
2orfavdfidy pusiy;the objective means towards the disc by the required amount

which reduces fqcusing delay. The, predetermined amount.may. correspond
to an offeotivh B T S R Y SRR er
Finksfoctd conwolssmeans may be configured to finally close the focus control

loop again affey the,RAVeRIIRCRIGLEER MEARMEY 0 REGE RIGHRWRGE red

amount. 30 Furthermore, the focus control means may be configured to
EBRASINAS actuator means to reduce the relative velocity between the

objective megis fsbihe Reokdticalitighin aitatvhamifiilockiRtiodiieps when

(()eccolr}ld sp (t)ialo vCeOI h?fabee%%rﬁ gﬁec}&d.r('ili'giss educes the risk of a head
Crash. Further’a var\{?agé/ous modfficationstare defined in the dependent
claims. 6 ThEipreskawimdngomwillirdndiededorilddt:brnthedasisdfdmathout

95%‘?‘iESer%HEPP&%L‘P%&?&’Xmﬁﬁi‘?{aﬁﬁgﬁéﬁt%&qwgﬂpa”yi”9 drawings, in

which "5 Fig. 1 shows a sChematic block diagrarm of a focus control device
according to ftige/preserradiasppdifientas digjosediionrlaSrageslirvfcatity @
aRdF G cuiefayardiscinicaserel fingls Suckaceigensdingt depth; and

Fig. 8 shows a diagram indicating a distorted double S-curve of an FES with

two negative slopes and two zero crossings.

The preferred embodiments will now be described on the basis of a magneto-
optic domain-expansion recording technique, such as MAMMOS (Magnetic AMplifying
Magneto-Optical System).

Fig. 1 shows a focus control device in which the focus control scheme
according to the preferred embodiments can be implemented. The focus control device
comprises an optical pickup unit with a movable carriage or sledge 4 for moving the optical
pickup unit in radial direction of an optical disc 1 on which a generated laser beam is to be
focused, and an optical head 2 which focuses the laser beam onto the optical disc 1.

Furthermore, a focus control circuit is provided, which comprises a focus
evaluator 6 which produces a focusing error signal (FES) based on the output signal of the
optical head 2. The FES is supplied to a focus controller 7 which generates a focus controller

voltage or current supplied to a focus actuator 11 arranged to control an objective means,
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Fig. 3 shows a diagram indicating an FES curve of a disc with a cover layer
10 and several zero crossings; Fig. 4 shows a stepwise focus control method
according to the preferred embodiments; Fig. 5 shows a schematic diagram
indicating dimensional relationships wher! focusing on top of a cover layer
AN Q0ASEEMEINASEAGHe 1R Fifln S1RIRWS A @W@ﬁb@ﬁlﬁ@&lﬂ&%ﬁmﬁed
FES curves for a disc without cover layer and a disc with very thin o
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an the focal depth; and Fig. s%)o s a diagram indicating g distorted ..
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5 agnetic AM I|fy|n%2?i Magneto-Optical System). Fig. 1 shows a focus

P oI therfotus control scheme according to the preferred
embodimentst ¢atd be noiplaimentatankheHacus aontretieriaefeod psisgSianfocus

optical pic it with a movable carriage or.sledge 4 for moving the optical .
R B o BRI SaagE R el Mol el S8 n
HeanristalveBaifocuset, iandaio bpticsdibddi®y whiorsigebisesrtheigmebthan the

pﬁg%g}%@ ﬁ@_@d?&@&ﬁlr&liﬁ&%ocﬁysmg% reafgfacus control circuit is provided,

which comprises a focus evaluator 6 which produces a focusing error signal

(FES) based it FHnSUEHHE HGEAFSt srGodprast-Haad o wikls peegaaica] oufishoot
0 adREUB.COITtRNEahaf IRICR @B Ates R faclis camMiRlgiodiedagedarauyeedisc

%‘fﬁﬁé'eea‘%'léo S-focd %E“é%‘ﬁ%r %&cﬁeﬁ{%ﬂ%‘?%‘ﬁcﬁ%ﬁ‘“_“i‘h%’%ﬁﬂlesc(‘i'é{%r%eaé‘ﬁ' fhe
8lich ad"a 16CUSHTy Tens orthe Tetoiding head 2 so'as to be moved in a
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the focus actuator 11 is arranged as a focus servo loop which performs
BIRSEHh S€k TONIFBIRERCSS £ ASRSTIRRELRHBeHES WA ordingly,

Fig. 4 shows a schematic flow diagram of a focus control procedure according
to the preferred embodiments. The idea is that when the optical head 2 and/or the focusing
lens approach the disc 1, the focus is locked onto the reflection signal stemming from the
air/cover layer interface in step S101 and then, in step S102, the focus servo loop is opened
and in step S103 a “focus jump pulse” is applied to the focus actuator 11 by the focus
controller 7 at a suitable moment to swiftly push the optical head 2 and/or the focusing lens
towards the disc 1 by an amount equal to the effective optical thickness of the cover layer, i.e.
thickness of the cover layer divided by its refractive index n. The result is, that the focal point
is now placed on the storage layer. In a subsequent step S104, the focus servo loop is closed
again, e.g. under control of the focus controller 7, possibly with a different offset value, to
keep the focal point at this position. It is noted, that steps S102 and S103 may be performed
simultaneously or one after the other.

Fig. 5 shows a schematic diagram indicating two focusing positions or focal
points of the focusing lens, a first focal point on top of a cover layer of thickness d = 15 pm
with a free working distance FWD, = 16 pm, and a second focal point on the recording stack
or data layer in which a much smaller free working distance FWD4 = 6 um is provided.

Hence, in this case, the difference in FWD is x = d/n = 10 pum, if the refractive index n=1.6.
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5 when the focusing lens of the optical head 2 is moved in response to the
focus control voltage supplied from the focus controller 7 to the focus
actuator 11, it is moved to adjust the focusing state of the optical head 2. It is
to be noted here that any other suitable nfechanism for adjusting the focus of

g %E@lé&%&?%cﬁ&ﬂ@l HRIQLFEANSRARET U BnfAEUR CUMERUR! BITRRCIR the

be applied in 10 the preferred embodiments. It is also to be noted that any

GeNEr 1avTBRE ey SGHAHREH BAE S AD Heusdy (BIESEIthe St on
thiehopticalcdiaid WDy dirig dovthés pagfariec ewndindeaiseithtaaliomabe- FWD, >
anical overshoot to match the defocus margins, as set by the FLR and
he rélative position of data layer, disc surface and focusing lens, can be
increased sighificaeftiyred hatidRuimdareriininedvbyiabeotSiintetvhE of it stpeqsl of

ﬁ{%:%g@l‘éﬁlﬂ%iﬂomﬁrﬁ IRUNRSROVAS 10 JepreErtHEdRE S RAN G ANRTRID

can be obtained by dividing the process of focus locking on the data into a
SRl R PhobERaIng o BOYI8RhPrSuesP et e ibed Y tHd RN gy e
showiscansehemaiiofoms dipgram of a focus control procedure according to
the preferred embadiments. The idea,is that wh optical head d/or
the focuing SO TR A e L e Obh < RRC e e i more
reflaktide pigrmatisterintnghfitsmatisacalritover MadMiderfasenin ssepe8 hOheand
ER 1 SteR.2i k0% the focus servo loop is opened and in step S 103 a
focus jump pulse” is applied to the focus actuator 11 by the focus controller

7 at a suitablE¥TBRTEH totBoArileEed s ibplien hedata avd/mayds fheushg
lens vaiaiels, g discnla PyefopiiteLmiCetidalda dhen e tieciive egticaddkigkirass

of the cover layer, i.e 5:tgyﬁce ess BL égeeggé{erl }{herdlwd d by. ST fracnve

coyer la ay be about Lher ex ol the coyer layer; i 1ed, 1S 1.6.
Index r?.'efﬁle%sual?ls, at’the focal point is now placed on the storRge Tayer.

[Fhe foutddenuibrit stepSril0dyths foowtsdhiadods imdlesedeaghin 405 unddie
|.of the, f controller 7, ibly with if nt offs to _kee
fonie LB AeEEARIen Lesroii e Db alerl i Ralfh oo

penfarhidd defasifitanedasies BB mapirbing she el iy, 1% gptsdghat other

sthesaatie.ding R IpdiGRNE tva i Rastiors OedrerlaRaigds of the
focusing lens, a first focal point on top of a cover layer of thickness d a 15 gm

with a free wg%ﬁg*fm%%eén&\?\)ﬁ& FEYRES SRR AG RS A Pt Ot er
padardingsatéck recddiie: ldyt cimwhial asimtitzih BRsalenfve oo thiogyvilstaree thin

E%%Qrén?o@vé? Bg/%\r/,i goerde'xample 1um (right curve). In the latter case, the zero crossing
Z.C of the negative slope of the S-curve is at 0.4 pm which is offset with respect to the proper
value of 1/1.6 = 0.625 pm for the cover/data layer interface CDI. In Fig. 6, arrows are used to
indicate the zero crossing ZC, the air/cover interface ACI, the cover/data layer interface CDI
and the air/data layer interface ADI. If the thickness of the cover layer is close to or larger
than the wavelength, interference effects may occur if the focal depth is close to or larger
than the cover layer thickness. In such cases a different shape of curve for the FES may occur
due to interference depending e.g. on the focal length of the system.

Fig. 7 shows a distorted (double) S-curve which was obtained for a disc with a
cover layer several times thicker than the focal depth, e.g. 10 um in this example. This FES
S-curve crosses zero only once at an actual focus position (fp) of 5 um, which should be
compared to the data layer location at 6.25 um corresponding to a cover layer thickness

divided by the refractive index n of cover layer. From the reduced steepness of the second
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Hence, in this case, the difference in FWD is x a d/n a 10 gm, if the refractive
index n=1.6. 8 The suggested focus control procedure is particularly
advantageous when the thickness of the cover layer takes away a
substantial part of the FWD, i.e. if the diff@rence of the FWDo without cover

0 STWMDS with.cayes 15, IRgartham WAt AYEE- AL iSaMYPRic FWIRical

> FWDa. 5 The preferred embodiments are thus advantageous in that the
ABRIERIOR BE ke 6P V8 lical head 2 containing the focusing lens with respect
the disc 1 caRipesriace Zesthebaiasetarsally durgingned moyidigetheds Aamusm
osition or focal point from the cover layer onto the informatjon or data layer.
P e R o T2 S R RO R R o
1@ detaillaypreapdranegher todhsedneHesen are realistic for MAMMOS systems

as used in the, prefgred, MPRAUMER I Rl RE ARG 1 LB dRlaced IeasEY

from the data layer may be about R = 14% which is typical for maglneto

SisrRdInvFEsred PRGN Bie PeTibRic RREHSRIPBI RS UE 80¢hIsPEr AYSY be
about R = 5%.cthaingftacivaringexaidihentdantayan dhapmiedwisidibsidBlar to

he focal le is approximately 1.5 mm, the.NA is 0.85 and wavelength a
e T R B e i o R Bano
tsgrewdantetdbalfisngthwmBized Eand the deté thosanel lgcatethBO2ethiES of

NG ERR PSS, L5 9 bERRIEATDLAIPRL MEhads Hrn g&s HRUALE The focus

oucault method of generating a FES can be applied. Fig. ows a simple
B R RAY depbisideck Rire Brsirstitdinl dove prdyben Pyshibe {omstastiinsd |
reaaraing: (tafh ciyRehansth sintitaetdnd spagidrve,éor a disc with a very thin

transparent cover layer, for example right curve). In the latter case,. th
rero orossing oML (e SR Boete) (D e T Heoh o R e
offSet Yithsredpedetontiesignepler el adndofbift@n=dib pErgmlfor.¢chdbcosreridator

IBYSIRISTHACK 5 B i Kl oo A IO REFIERY 10 vIRGIGRLE HGZBIOGEASSING

ZC, the air/cover interface ACI, the cover/data layer interface CDI 25 and the

LapiyERaY |1 HRE FQRetE B pii Pt o YRiEIoRE S8R CTRE R8BS AgB PSR G dog or

lREgaorthaiheavaelengileinieriecrnaalrifecta dmayaceuldpéhertogakdepth
is close to or(Jﬁr er than thg cover Iiaéyr% thickness. Iln S Ctb cases a different

shape of curye QUSRS el.gﬁgt her, §/ubt%l():ur erence signal levels having a predetermined
relationship to a desired focal level can be used in the proposed multi-step procedure.
Furthermore, the move from the first spatial level to the second spatial level not necessarily
has to be performed as a jumping operation but may be performed as well as slower or even
slow movement. Additionally, the present procedure may be applied to change the focal point
between more than two spatial levels in case of a multilayer recording scheme. The
movement or jumping operations may be performed in both axial directions. Thus, various
modifications may become apparent to those skilled in the art without departing from the
scope of the invention as defined in the claims. The invention is applicable to any optical
recording and reproducing devices having a focus control circuit.

In summary, a focus control scheme is proposed which improves robustness of
initial focussing of a laser beam on an optical storage medium. When the objective means
approaches the disc, the focus is locked onto a reflection signal stemming from a spatial

reference level and is then pushed or moved by a predetermined amount related to the

distance between the spatial reference level and a desired spatial level while the focus servo



due to interference depending e.g. on the focal length of the system. Fig. 7
shows a distorted (double) S-curve which was obtained for a disc with a 30
cover layer several times thicker than the focal depth, e.g. 10 m in this
example. This FES S-curve crosses zerdbnly once at an actual focus

o5 ERMOT ReRusrhich A B B p 6RMPALRAQ i psa 1RY REREALOR Allevel.

6. %m corresponding to a cover layer thickness divided by the refractive
iHeEx ReIPEG YRy RPPERBIPEfdOREd A8 EEFMEILCET the second 9 part of
the S-curve of Fig. 7, it can be concluded that this difference is partly due to
spherical aberration by the cover layer. Fig. 8 shows another distorted
S-curve as obtained for a disc with a 20 m cover layer and which has
negative slopes with two zero crossings NZC, one corresponds to 5 the
cover layer and the other to the data layer. From Figs. 7 and 8 it is clear that
two strategies according to the first and second preferred embodiments are
possible to obtain proper focus on the data layer. According to the first
preferred embodiment, in case of a situation similar to Fig. 7, instead of the
signal reference level zero crossing, two crossing signal levels for servo 10
lock can be preset, the first at normalized FES of + 0.5 and the second at a
normalized FES of approximately - 0.5, corresponding to the cover layer and
data layer respectively. The focus servo loop may than first lock onto the first
spatial level and then push the focus actuator 11 towards the data layer and
lock on the second spatial level. According to the second preferred
embodiment, in case of a situation similar 15 to Fig. 8, a single reference
signal level can be maintained in principle, i.e. the zero level for example.
This may be advantageous for much thicker cover layers. Here, the focus
servo loop may first lock onto the first negative-slope zero crossing and then
push the focus actuator 11 towards the data layer and lock on the second
negative-slope zero crossing. Of course, any other suitable reference signal
levels having a predetermined 20 relationship to a desired focal level can be
used in the proposed multi-step procedure. Furthermore, the move from the
first spatial level to the second spatial level not necessarily has to be
performed as a jumping operation but may be performed as well as slower or
even
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slow movement. Additionally, the present procedure may be applied to
change the focal point between more than two spatial levels in case of a
multilayer recording scheme. The 25 movement or jumping operations may
be performed in both axial directions. Thii$, various modifications may
beoame.apparent to those skilled in the art without departing from the scope
of the invention as defined in the claims. The invention is applicable to any
optical recording and reproducing devices having a focus control circuit. In
summary, a focus control scheme is proposed which improves robustness of
30 initial focussing of a laser beam on an optical storage medium. When the
objective means approaches the disc, the focus is locked onto a reflection

ignal st ing f tial | and is th d d
oot N B R e A S R SR o AR
redéréncbeley ehanadfast esitet  spatidlal exerduite the owribapervauk@oloppsisg:
ggg%g d-rJ 06 Lesivlh B pahig fosalpRintiR AR PRHanashen W destetkd from

I'level. Then, the focus servo loop may be closed again to keep it

there. 2 1efeptianed saidragiadoadrenid) A spdreasksrEshlolIng ebsttarer means

means((2) ter fefusiag RdRNARDEAM ObiRailitshepatial hvelaerecald detected
carrierﬁ% , said apparatus comprising: (a) a focus control loop having a

detecti é%ﬁls (6) for detecting a signal obtained from a reflection of said

rac_i (& _cﬁox:tneanmmi_l _swiahsé@b_fot (cgmtie_tl(ﬂg ,sa‘ddauna;mtnnauns (me)smsﬂi)(& Bifor
adjusti J&?VE’%L@ﬂ%f)tﬁaﬂﬁfﬁ%ﬁ%&m%%{ ?)',%8%5’1040}%%&8 A ntinuous

detected’ signal; and focus control means (7) for controlling said actuator

meansS{aPyite PrRsgesSAitpchisie Eip/ometneiditswenin sard. nsberincaifisteppise
?nd fobﬁjalallyiagl@metmgtqy@(iﬁgaﬂwiﬁ@u%@%@@ﬁ&ti@p&@ma@i@ﬁug ffﬁﬁﬁe'ld
Irst spatla evel, wherein_sald stepwise, rocess comprises rir t lockin
A S e R e e

re(;ordloapriatc(@nanhﬁmgemid)pxﬂmng ﬁ_&hjliqmuptcnmvelsdtdaﬂgmnﬂmﬂmmﬁyoy a
said a %ﬁ&%@%@&%%&&f&ﬂ%@d’?o%%%t%@é@%‘é}’&e@ﬂes%hsf{d%l Pr}ﬁ%ecgnd spatigl

predetermined amount related to a distance between said first and secon
Spatia|1eVels.

2. Apparatus according to claim 1, wherein said second spatial level corresponds
to a surface of said record carrier (1) and said first spatial level corresponds to a data layer of

said record carrier (1).

3 Apparatus according to claim 1, wherein said second spatial level corresponds
to a data layer of said record carrier (1) and said first spatial level corresponds to another data

layer of said record carrier (1).

4. Apparatus according to claim 1, wherein multiple spatial levels exist in which
any of said spatial levels can be selected as said first spatial level and any other spatial level

can be selected as said second spatial level.

5. Apparatus according to claim 1, wherein said second spatial level corresponds

to a first negative-slope zero crossing of a focus error signal detected by said detection means
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levels. 15 2. Apparatus according to claim 1, wherein said second spatial
level corresponds to a surface of said record carrier (1) and said first spatial
level corresponds to a data layer of said record carrier (1). 20 3 Apparatus
according to claim 1, wherein said secontfspatial level corresponds to a data
Ry ah Plaaig-tegans cRUILE I PBARRIA IS SRALAMVEVBHE QLB IPARAS T said
another data layer of said record carrier (1). 4. Apparatus according to claim
foqheraTisitdtiple spatial levels exist in which 25 any of said spatial levels
can be selected as said first spatial level and any other spatial level can be

gelected as sgld second sg(ﬁlg}[ level. 5. OAﬂRaratus acc%%(iigsg \;[V% &Iéilllrrga}d move of

. . . aratys acc 0.,any onec recedi
Wherein said's8¢on spa?l elc rrespomfsp 0 afifs negative-slope zero

srisbshigydfcnfonudpnod sighbeimcten by siiscHistadtivnameamepe i) aitidted

saichfirsd SRR RLLRPASPoNds to second negative slope zero crossing of
said focus error signal. 6. Apparatus according to any one of the preceding

claims, wherein said move of 5 said objective means by said predetermined

amount is achigpeshiRy e i apekation Witaiadahly)sajddestsoadnimdliated by

means 72. 7. Apparat ccorgin to clgim 4,.wherein salid j[umap oapga%tion IS
C 1| ? terndin se 10 said.actuator means

iitiated by "Said Tocks Contrormeans (7) by Applying 2 predetarmined jump
pulse to said actuator means 10 (11). 8. An apparatus according to any one
of the preceding claims, wherein said predetermined amount corresponds to
an effective optical thickness between said first and second spatial levels. 15
8. An apparaftis?REREHTIGIY URS BriEYoPtRaishe dashfd e sirswHisSiR it
fRedgeERMBOhMRANS I fYsiSotONTIOMT efidaictosRisali thiaGissscrntialogn Againd

Esigg%ll’l 3:;1{% t%ol\e/\e]e%f said objective means (2) by said predetermined amount.

9. An apparatus according to any one of the preceding claims, wherein said focus
control means (7) is configured to close said focus control loop again after said move of said

objective means (2) by said predetermined amount.

10. An apparatus according to any one of the preceding claims, wherein said focus
control means (7) is configured to control said actuator means (11) to reduce the relative
velocity between said objective means (2) and said record carrier (1) to zero, when said

locking to said second spatial level has been detected.

11. A disc player for at least one of reading from or writing to a record carrier (1),

said disc player comprising a focus control apparatus as claimed in any one of claims 1 to 8.

12. A disc player according to claim 9, wherein said record carrier is a magneto-

optical domain-expansion disc (1).

13. A method of controlling focus of a radiation beam onto a first spatial level of a
record carrier (1), said method comprising the step of applying a stepwise process of locking

the focus on said first spatial level, said stepwise process comprising:



20 10. An apparatus according to any one of the preceding claims, wherein
said focus control means (7) is configured to control said actuator means
(11) to reduce the relative velocity between said objective means (2) and
said record carrier (1) to zero, when said!focking to said second spatial level

has pesRidstRred rasldonft SR PSR fRfiai 62 SRR BlfRAPIRG O G d

writing to a record carrier (1), said disc player comprising a focus control
apparaﬁmélaaléwaliﬂ-ﬁ&ﬁ%%ﬁ%ﬂ@%ﬁaﬁms{a%eéfow?ﬂ %rghsamélﬁvel;
accoiding i elamsRidsheratomsaidisesand carries ih abRagneteaaptiabwards said
domain:expansion fiss (1), 3043 Amathod of controling fpaus. el a radiation
beam Onto a st Spatia leV8fota recor carrler%lL , sai métho comprising
the stepystfrappigihg a stepwise process of locking the focus on said first
SPatialR%ShoS AL SHERVISEBRAGE R ABARNSING sAd @Nifipstdacking a focus
control loop onto a reflection signal obtained from a second spatial level
located at a predetermined distance from said first spatial level; (b) then
opening said focus control loop and moving an objective means (2) towards
said second spatial level by a predetermined amount related to said
predetermined 5 distance; and (c) then closing said focus control loop again
after said moving step.





