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Optical data storage system and net hod of optica
recordi ng and/ or reading The invention relates to an
wopbesciakiodat a st orage system for recordi ng andPam/i1B2005/051243
readi ng, using a radiation beam having a wavel ength
|, focused onto a data storagq | ayer of an optica
data storage nedium said system conprising: - the
OpiR&l UM PRYdNGsBmGAY Blet 0@ bplidddfechbRlidel ABRPAdBRE t O the
focused radi ati on beam - an optical head, including
an obj ective having a nunerical aperture NA, said
objective including a solid imrersion lens that is
adapted for being present at a free working distance
of smaller than |/10 from an outernost surface of said
medi um and arranged on the cover |ayer side of said
optical data storage nedium and from which solid
i Mer si ohd iaiéntioh eclites v bptiedl idataismiadeasstem Soraecypdiag and/or

req%@,el\ggggeg éﬁpﬂ%ﬁ\é\%g&&g%l@ ia nﬁ%a;alg%gsjt]a 5}? ﬁ%ﬁﬁs%g %1r1to| aac%gltear stc?r];ge layer of

lBh& Qi Sof-£B M AMm, ERE sy AMB Boheikifgir t her relates to a
anr(r)gthod ofog%tical recof%ing ang?%r§reading with such a

- thaymedivm having picedr laventhat is thaypareptofth (peused radipsion bears,

el Lut i : ) . Y
- o op il R, iR S et b BBl SHhunfoBEA LAl RUSL A Bbfcfrive
inchinding 4 solidlimererGad leapihat is pdaptfd foheeingpresensataeftderveatking distance

NA = sing..dn Fig. |A n air-jncident configuratiaon
of il g 1110 G oA opsEherSouTiey Bf L oFdym| S achide gt cover
layerEifi@68sa@f optidgl ddad Boragenhadiem@d frsth whirhgalid &oinersion lens the
first-surface data storage. In Fi .Idﬁg a cq%er Iqur fth
oqisechraeom beany 18 CPRIEKOY SYAECRR MavE fRinliag 3ntd fispcqyes Jayer of the
op:tit@zﬁ ﬁﬁtafsfof?ige nddiun? Qﬁﬂ{gﬁlgé‘&dﬁgﬁea%h%t. . Fromthese figures

isinferred that t optrcal resolution is

unchange®hg inventioafaither zglates o2 ragihed elppiipalireferding qnor reading
w#ﬁﬁ@hﬁgﬁﬁﬁge | ayer: On the one hand, in the cover
ayer, e internal opening angle 0'is smaller and
hence the internal nunerical aperture NA is reduced,
but al so the wavelength in the nedium/1/ is shorter
by the sane factor no- It is desirable to have a high
optical pnegsitalinicasurd &gaksclisoal dpogies ort dptical pesobusion in optical
resolution, the nore data can be stored on the_sage
regrding sstensds gen by =8W2%h‘f’h$%i\}§aﬁh8 Wasel R Inir and the
mpREEAIRLAGe bRe AL CRAELRHLIAN Wikl V& M ftepbiaheof
e Totused beam opening angle at the~“cost o ens
cofifigaphténniis grawndn mhidhnibe ddta stbiagevilperes di thk surfdce ofiéie gdita storage

ef.c. or reductiop of the in-aif velength i.e,. o
o gPrig ISR ET 7 SEREE d S Ros FARE R Thfractive index
proE&aP A Aeta¥RirdRdayh flofral6. sttchBearidastssed spot size in
an optical disk systeminvolves the use of a So"%@n )
Ry geg ifa

i mer si oRronethese(figures 1t is nfprred thatihe artical wpefptiqnygu
i d&fe S o496 hhilY 8f the 86Rr layer, th
°°g?rgi?’;e§2'}§§"9 Eg&f%ﬂ;tt%ﬁ %Eggfdg%lj?gggg g}?oot IS eon t hrgy © Thayel e
internal opening angle ”is smaller and hence the internal numerical aperture NA”is reduced,

but also the wavelength in the medium A”is shorter by the same factor ny. It is desirable to
have a high optical resolution because the higher the optical resolution, the more data can be
stored on the same area of the medium. Straight forward methods of increasing the optical
resolution involve widening of the focused beam opening angle at the cost of lens
complexity, narrowing of allowable disk tilt margins, etc. or reduction of the in-air

wavelength i.e. changing the colour of the scanning laser.
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interface between SIL and data | ayer. In conbination

wWith a cover |layer of the sane refractive index,
waabosAgily the SIL is a tangentially cut secti 8aTmB2085/051243

sphere which is placed on the cover layer with its

(virtual) centre again placed,on the storage |ayer,

see Fig. 2B. The principle of“operation of the SIL is

that it gRduFpRpbha Iﬂ@Mﬂl STRetRingtihd f(b@usﬁ&d)ip@lﬁzé y@ropkiyal disk
a factor nS|L Phe refractive index of the S

systeft mmye@han@ of g sekdingpepion dens hile 1g its ?W&’l?ségg@nﬂ\e@L is a half
sph%#%acteiﬁeg{]{natﬁé 29 sQfagk '12@)3{1 s@ Fib A Sb khat PhedDAREE spbIIS 8n the

ersa t angles to the SIL' s surface
mte(rfaoa‘rbmweed:f‘blg antl Bata ﬂayeFllg corlipatiopewigh & pqysr tagen of thatameot

e S ot S5 R b R o L50rd y Hfot on
the cBvedldyRWwliRlits thﬁ@al)’ &nft b@fin Placdddh the @t@fa@e Ek@'eﬂ s&dFipi th The
respect to the recorder objective (lens

prumls Oémeraj@p oﬁﬂmﬂﬂa iBati v we{eﬁath ém%alwer bya
t | Ipl:
faclf e Rt B ER gt the ST S PRRRP R Dpnib 8Ag P reason
is the[t réﬂ'ﬁhtl&i bf light tinke SIISiS absenssindel alldighs ersére at gl angntg‘@ the SIL’s
Qver ich.this is called the near-field
Sur@éﬁﬁcﬁglpagﬁlgsll%@‘%&ﬁgwegi me, at larger air gaps,
total i ny&yaportadf, bBCAdt eenibreld upruafl thiseoirtghthat theiedea very
the SIL and sent it back ‘shlt o_t he

|
thire ais gapletyern HUbsnd geprkinemedinnThisirdp gﬁ%‘ﬁ’/ é‘?fl\%? ra‘éB?fb?‘Je‘B
recbﬂ Jg(cg kf‘gﬁhr %@Vtof tHE rddbrABFEbjEPNP klbﬁkgblﬁmm efti Pt | Fébeshould be

er ayer shoul d be at | east equa
mut:]n emalixh tlaatan weticah dexeledgth (ppisilly, it @@gldpt]eg;magelf tban A/10) such that

t her det I
so-gl <t rsnRe Thiee U i S Bbbish Rt e e onee
ove%rhhﬂﬁﬁl tﬁﬁ(h‘éﬁpdnh & dalléd ihe abarafivgd ghes omas,lde/ ﬂn:eﬁ:gmm, ai larger air
Sank; ’g(q% ;rgtgrggl rﬁ?qg:tloé )V?l\llv}g‘gﬁ( Eleg 'f'r:llpiailfh’cfgfb (‘Sg% 6{1 1It Ee(‘i(qllﬁ% IIhe laser.
Noke%l%% g2 o‘ﬁ’ﬂfétcgn atidnOfith &ReVRyérhe depitted ﬁﬂFlgHQ&HHat for proper

ects fromth Froxurate surface of the SIL

coupding thei mfraativeinder pT Gie Py l4yer spuldrsrat leagieqedl dp &EHG%%CUVG index
Oféggl%l’;gk ﬁé ﬁ?é@;{ﬂr%ﬁ@{@ is also used for the Blu-ray

maxi num air-gap is
appr oxi nWheés)beuﬁ/ thencritidal ediglé propagater through e afiy gap without decay,

whies 1At Pate PRERutT ke RorRRAIS el o OBY B bTBby
exﬂo%h‘ﬁ:‘ial deddy e tﬁ@lgapjwidEH'l(@ééSEgrt?)l Atthe @ﬁhd:a) asgie)JMAd= lﬁeFor large gap
ess in ord

pt t h
B TR LR R —

int&RLIQEAL R8N (ARS! | der - based sol ution relying on a
passi ve alr bearlgrg is used to maintain this small air

gap. | n Kotaiveavelengthof A0 hom, which @avelengtieisisaivser! Fok thedp-ray
op{i‘c}e{a% blls%ng? e %I 2xi :}mfn{ Fg&ﬂ“ﬁ aflpio ﬁla‘teltlfgo GRNGAIEh RS { QP small free

K req Urre an
wodltihg dBtanso! N@D))&s—doa@entde‘o@ anVEmtmntabOptlcal recordlng The near-field air

gap between data layer and the solid immersion lens (SIL) should be kept constant within 5

._4

nm or less in order to get sufficiently stable evanescent coupling. In hard disk recording, a
slider-based solution relying on a passive air bearing is used to maintain this small air gap. In
optical recording, where the recording medium must be removable from the drive, the
contamination level of the disk is larger and will require an active, actuator-based solution to

control the air gap. To this end, a gap error signal (GES) must be extracted, preferably from
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control the air gap. To this end, a gap error signa
(GES) nust be extracted, preferably fronthe optica
wdav@/1e4igmnal al ready refl ected by the optical PRediBaows/051243
Such a signal can be found, and a typical gap error
signal is given in Fig. 4. Nofe that it is common
practice in case a near-field SIL is used to define
the Bﬁﬁcap&ﬁf? LibkdA |a]r@EQEfrr&ﬂHc€édQ>§f th¥optichShédisiNSuch\Whighl earbelfeund,
l'ar ger than g. 4 shows a _neasurenent (taken f.rom
andRetypicgligpp ewer almﬂ Brebents Figs 4#‘&%? that Bds SODYRPD PI3FHas R pRse 2

. sa
el FERLAL L CAApR SRR AEpOl RS B pkan bo b
ﬂm?ngyt bean1fron1a flat and transparent optical surface

"di sc” a refractl i.nd

treasur elhASTAREs P GEUEL PRENY K5l L) PhEBAYCuppgf reected
hglﬁ‘f(?frb%lﬁ%g arﬁﬁéll%ﬂ 5%m%oﬁﬁéﬁfmtstakﬁs®wbﬁlegpﬁcﬂﬁ@herimaarly

i ght vani shes in to the "disc") &
polarised eellimsted drmipseam Foma flat ﬁé%FfP%ﬁP%fsnfaOﬂﬁlF@ﬂ.SHﬁ?%ﬁeé isc”) with a
reﬁgé}ﬂﬁeq‘q&e?( of 1148, Thdi€ s?ﬁ&ﬁ@ilts B ¥h RRIYEREMBS vAith ﬁédir?rThe

or a close oop servo systemof the air
evaﬁbwemsouﬁlinathemmeﬂmropﬁeblh belpw A0 am (Fes leghi gfmlshéﬁmép éhe “disc”)

R kDR Dely o BR Bl o s may

be 6kl a% hrSerdd¥Qipnabfot ¥ plosal looyeservd systeth afjthé magapd Theosjlltions in the

can be found in Ref robI L a
horfzaBaf BRIFTISB PR cREEd b feireduchit b e BRRER o HinsP Wil va -
Wnﬁg&ga%g&gﬁﬁggdmggylng a smal | working distance,

typical | ess than 50 is contam_ nation of t )

opti cal Mgﬁefda@és éb@éé%&ﬂ’mlnqaﬁ@e@t WG é‘lﬁ?éﬁﬁtﬂﬁwc%gﬁf"gpd in Ref.
[]ThIS is due to re-condensati on_of mater whi ch may be

desorbed fromthe storage nedlun1because of the high

sur f ace A eyperchtens ©r pptjqal reapidyr gtiertives, sithaualigeebased or actuator-

ST T e

‘ opt&ﬁﬂs&ﬁﬂ@@lb@%ﬁb@hé ﬁ&(ﬂ% Iﬁédlﬁmrocwrs I Thixgis daé ) nempndﬁnsz&mﬁm)f water,

r eadi data f t dat di . Th
WD AL RrBY B IS POUHR S I AEE TR et fgmaspature
(ty;ge Qaﬁ}%&)' °E‘3I{<q)r ﬂfy fote b@ﬁ@ﬂ @\/I@} %c%fﬁn‘i’é‘ﬁldt 0roe ¥ Phas® Chardge (PC)

ervo control “signals of the focus and
recbrding iresglting ftoamhe Tighdaser ptb}i/@rand ¢enzperaturg eespirpd & Writing data in,

at ent bl
orREh Sl L LA oY R RS, AR ARG VAR Rt
matf@itldtfémlng@f?fb&@acal lﬂmgl&to}i’agmﬁgls;tém dubioglaniwayest, fooeemplé, die servo
optical reflect t . di .
conspigas Bne s 4 JacBmehieny s geo Bt d defiibd in the patent
apﬁ’lﬁ?ﬂfdlﬂglbﬂbaqtfoﬂg&?d PichtddiGh 1%‘1(@&‘@%3? -[6gnper at ure. A known

ution to the problemis to shield the proxinm
opti cal Bherriretlembroarkes mase sevee fop i dellawies Farseﬁnhtal?émmldlty,

hlggﬁges%g {)c%yegglg@yopﬁcél &Mty ot ]S SthRAk: RRARAY Rw thaMedl cOfttuctivity of

the storage medium, small working distance and high surface temperature.

A known solution to the problem is to shield the proximal optical surface of
the recorder objective from the data layer by a thermally insulating cover layer on the storage
medium. An invention based on this insight is for example given in Ref. [4].

Obviously, putting a cover layer on the near-field optical storage medium has
the additional advantage that dirt and scratches can no longer directly influence the data

layer.
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medi um An invention based on this insight is for

exanple given in Ref. [4]. Cbviously, putting a cover
woOaywsrioondt he near-field optical storage nedi urChaB200f1e51243

addi ti onal advantage that dirt and scratches can no

| onger directly influence the data | ayer. However, by

putting a cover |layer onto a ﬁear field optical

system W Phg@ do$ & layih bitd o RAEGEIA oPeN] FRARYMEeE

to be taken. I\’qu’?’r%?gl g, the a'1<;1})<,:g<£:4uracy by whi gh t%
prabézars-arise | vehichi ka@b}pleb’elm@é@l‘ﬁs wdiedake@yer and the solid

| mTer si ‘rﬂéfalﬁl‘ {heWdelldBtad d

nm or | g[g()llr&ﬂ%&lgg&fa%p%g%é%f %(g%ent y s%g’blee . arayeran
theeoHd @smersiondens(BI)ghdild bak@t aortstanéwith'm)ﬁann 08 lessderdqr feget

ap ji.s between c ver er and,SlLL
suffigienty SebiE USRI PoRUE I G REPIE YKL AR s o e pogeen
co%mlayg SRV, sckPes. SBLA ?ﬁiﬁ ahe hie g shoakichel idpheonstantrnto within 5 nm.
fset to conpensate for the_cover |ayer %hlcknes

Cl@d&’htha§nt @cgldam%h slowld e ap RESYAQ EPPREPEALS 108 T Fop i‘a%er
thiBlne@ & ci’l'ag?cﬁgu %\Khtte% tﬁan"i‘ﬁe dneay&fig Rabéusat himeigwes. Moté et the

cover 1 ayer, | ower than the refractive index
refoictivehinds of thel emr lﬂycreﬁ it i dovrpa Kamihe feEeetivilteder e by

de{"ﬁﬁrt ut;hei_[r%g( ;%83%%:1‘3 “&%r%f‘loa@t i eto?tk{?:té aLf sufficient

C cover [ayer
t hi ckneskh @t@ubd dbthia sofficeent tharnmad pq@ﬂemwnmht: éieiectmcmmlayer
but preferably is of the order of Taken
thiglgees sheRld hgimaors then SPPRRIAR]Y 5 it o Prﬁ&%%lfﬁw%ﬁf 0f 2-10

nﬁ e trxﬁ&ﬂvﬁ ﬁﬁ? I(lﬁeanst ft ﬁyﬂfoﬁ!ﬂﬂﬁﬁ? th‘é"%lliﬁtdf ‘ﬂﬂa £ gdphlye ﬂié&%lckness

ayer much) snmalTer than the focal de
vadtionl of (c&l%ﬂ&r layer avidbould be gumhammel@rtﬂtmtthtt fosalgigpth 4/ aFyé/K’ZNA )
is in focus see. Fi

in gpsigetoggteRics that H@gaﬁm?ﬁ i T o ALK 4‘2%8? ?lﬁr Setlﬁri(e takg thes
wa%leﬁ#lﬂ% 1 64 nebifand Rffm al ERbuRRA Qola&fﬁ\% Ay ﬁfa@Af’L 50 nm. For spin-

SEve mcrons t ss thl s neans |less than a
copred kgers oﬁéevbhtil nkcrelfossthwhmesathumeam dass than a@qtqen@fd}aﬁl’aless

VafthlqnsovﬁﬁghS B?térg ?ia%fare(a O%rh Ve h?vlhﬁh%%]%llgpare%%h%%ﬂﬁ opt 1°C aI

data storage system for recording and/ or readi ng of
the type nentioned in the opening paragraph, in which
reliable data recording and read out is achieved using

a near - f j18) gh sHbdt 9f B MReRicH tolpRREdd 4h GiRiehl dag stargenybtem for
a cover layer. It is an furthér object to provide a

reqpeding ancer regstingcefl the e mph@edmrb@ﬂpﬁ@aﬁpﬁ@gfﬁﬂb iy phih geliable
da%?%o?%% T Ra8 Bﬁtqgﬁ Hided B§E %]a AENRYED I ImBe RN IRAGR

Inventl on y an optical data storage system
comdbination with hapeatlawer.2ed an furthienobjedt¢o provide almeileagof optical

re@é@%%ﬁ@?ﬂ%"d"g %’rf‘ﬁcil s %t ?glmir glofalnclalengl efrepéans f or
axi al |y whidiobfgct Hue béén Rhicogl in@adorédneawith tienitvention by an optical
da’?ays?gg]gecs?llstler);l \l)(VlellCEIIS ¢ aga%{]e%tzgf itn t]tnaq (tehe optical head comprises:
- a first adjustable optical element corresponding to the solid immersion lens,
- means for axially moving the first optical element and dynamically keeping constant the
distance between cover layer and solid immersion lens,
- a second adjustable optical element,
- means for dynamically adjusting the second optical element for changing the focal position

of the focal point of the focused radiation beam relative to an exit surface of the solid

immersion lens.
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di stance between cover |ayer and solid i mersion |ens,

- a second adjustable optical elenent, - neans for
wdynemoeab | y adj usting the second optical el emear/IBmns/051243

changi ng the focal position of the focal point of the

focused radiation bean1re|ativ§ to an exit surface of

the solid inmmersion I ens. Gven“that the cover |ayer

does not Gieanetﬁauﬁé écﬁjeeratybwos@%dtIhatehéu@tmg&ﬁgzség?dilggfclg%]@s variation

Dh, say.its thickness varies more than 50-10 ‘
Ay i hiskaesy Vmﬁm thore Shane0; 100y errsgpase pdipamnic correction of

foGAlINRRASRIBmOisakAYLEVLAMPEr thiBkfk R RtIYA ir?&ddi?ﬁ)ﬁ’to b dynamic air

addition to the dynam c air gap correction. e
g fepeden s that the data layer is in focus ard at the

same ti g I.L. cand_ cov ayer | .

kept co gth Ea }%pgé oerlfs %%? ﬂ%?%%g:r%&é \% a{#] 88 ﬁl%cp%tg%epﬁnﬁau?%%e air gap
begueeniL end covlﬁehpéxrig kepmsn?am smmabl n;gopmteva_irnr:]w@nv?;uggfg Bn

Ll gap. than 5 nm preferably .2 nm, e op

gqafba £hd +Biog S0ty Btk BT ors varktion WP L@AP fagts b, preferably 2
nnopt i cal el enents. An adjustable optical elenment could

for examp| e be part of either the collimtor |ens or
t he obj g@ L‘i’ 9@!‘33‘&&“@%‘5}%& cogipimjleast twpeadjustpble optical elements.

o) = " . v di
T L T R R B B APl AR b he
°b§ﬁ8§%antially changi ng the air gap. The air gap c?n
t hen be ' ' h .ective as a e, .
see Fig. F%H. é*?%ﬁ%é%}é? C?H‘Jg %51 Ee r ?Ig rﬁél%\gn%vl?n qen&‘_?mssﬁ'ﬁgﬁ F‘_?:“a'?e axially
disphaged wtadist the fdcal length of tHerpaik evithotiaabSant Ly IcHaiigirikﬁlﬁélz §ifgap. The
.of the.lens tem and cqver .|l ayer comi natjon w
alr(ﬁ)ggg tcal%e ‘ﬁlgn §§/§c§%s§ﬁ qﬁpylgﬁ,@m@gecp asragho 66§§Pe§1ga@.t1p\g§neral, a
ceaalj aSOOMN ssHeri6f1aBerraidh vl e&hah. i 18Rk tAse) pliREHi de§ign of the lens
nd furthe neaggfes_mﬁLl have to be taken. In an

Sy%?ﬂi& freft {ai’ freo n 3 meeh thesystepnreqiisesméss inethrigases active
dfubiene@bb RBhirEa! abetaREPH1ESe LHRRM] He e SRRRN have ¢
¢ Jf)lpt iecal gl errrene% [ g pr esenet Jgﬁt siaggﬁ%rhe %ﬁj ect :;kale a“‘I‘J'hgbe
takeBcond optical elenent nay e.g. be axially novable

with res LI . Lenent. .. S

A tor nat g oS e s8os8BUERbgRURTE Pesent in o giiggive

| engt h whiapbthesenshalimerit ¢tel seyonddiptied] alhrent 1@ pgeseddoutside the

X trowetting or electrically influencing the

BFient ati on of liquid crystal material. The further

obj ect IH sbevmid optitdl @leadni Mayre. BedRRHS névabletwlfh respect to the

first gl\)lt?cg{ elzlgrrllerPt}/Aft‘ematively the second optical element has a focal length which is

electrically adjustable, e.g. by electrowetting or electrically influencing the orientation of
liquid crystal material.

The further object has been achieved in accordance with the invention by a
method of optical recording and reading with a system as described above, wherein:
- the free working distance is kept constant by using a first, relatively high bandwidth servo
loop based on a gap error signal, e.g. derived from the amount of evanescent coupling
between the solid immersion lens and the cover layer,
- the first optical element is actuated based on the first servo loop,
- a second, relatively high bandwidth servo loop is active based on a focus control,

- the second optical element is adjusted based based on the second servo loop in order to



10

15

20

25

30

nmet hod of optical recording and reading with a system

as descri bed above, wherein: - the free working
wdizetsane®9i s kept constant by using a first, reCauBe$§51243

hi gh bandw dth servo | oop based on a gap error signal,

e.g. derived fromthe anount of evanescent coupling

between the solid imersion | ens and the cover | ayer,
retriede ¥ Jptifrd m@@ﬁlbtﬁ@ L1gﬁfile]§?leativ%lyﬂﬁﬁlUBdnﬁdﬂdﬂ@&&ﬂea@ﬂa hbenal optical

first servo | oop, - a second, relatively high
re@@@wo&ﬂmses‘éxwdw@@p cigs seyeral ¥8Zbased on a focus

control, SRR

based bas ed %ﬁoota ﬁ&(ﬁg&e{%gﬁi agl g}rl %/S gslu{; ﬂs%@%szﬁlg r‘déﬁﬁt%ent of the
sedoad ep’ncabvbmamt atnfi whmin o dedusa tendrod sgndladdlsynaﬂefl inde¢nivefl yrom the

OS?IB%}j)él (@1’8? ya dt CCRRAC(H'{ 0 ttlgéﬂ CPC%%G]elvaénrdoﬁgl‘i} &%l m(? %Gfag{c])g'dggth ofa
mcﬁl(ijﬁh%ﬂll shgiat re&}lzrd@ﬁmlthd &dii §braiss las’ellf) ¥henplasfecusoarviotie derived from the
adj ustnent of the s con ca ment and where .
s B AERD EEnEORYISEH GHAH LRI BRI T ghary e APl gpytinuous
os&ﬁ@uo(ﬁﬁﬁ” ihd BEd1 ABptH] e & brliOhmoll tiche® ﬁ&dm@@ietl‘bﬁkhe focus
el enent and fromthe nodul ati on depth of a nodul ate

adjisigreat signsdds oeeded. Smabaneas af e ordgnel 3 BpddepihnEhis iia Ofdef to
V. fdi t

T e

mesinition depib.iIn Lotheswosls ielg. titeifogal pésitiidreis bmliﬂtectbéththe p¢larety of the

a per,iqdic ,nmo ula

o RERt S TP 5P R LAY L oo e
reddkded ih @Ralatad@Rbde laydilasd it oseillgtiogetirettioncefities focalgokition.

whi ch directiaon _the servo h usted for

finding Fran srbedimpn rodardat Iwgtswre#w 2 BffreColdpddata in the

opﬁceg datta Rerd L aRdiRe %I%t hpmelaa»l@&@a bt @k epticANEhts 6rape hdiuby
of the focus contr is derived fromboth the

. nodul at i brangthst ﬁandnae bmma@@@re% pigra is presest asegwobpledfgack of
and the oscillation direction of
thetd%;t%?ﬁ&a%&&ggé @?cg{rllm In an enbodi ment the nodul at ed
SI gnal ik q:noﬁsecttlbtahmpltéhfr focuy eattoliigral isnletivesl fogmiag §tcurve
a stora e nedlun1 e.g. in alead-in area of the
PELT 5 storage medium In another enbodiment the
nodul ated signal is present as a wobbled track of the
optical data storage nedium In another enbodi nent the
focus control signal is derived froman S-curve type
focus errR¢ in$eddalwill hB erbxfRine®h Mbilel deddWittereference to the
explained in nore detail with reference to the
drajviagi wgehi¢h whi ch Figures 1A and I B show a nor nmal
far-fiel [ I
i sic 1 o5 e A1 B0 il B} S Bl RGP and
datarstior2gs @ﬂmcslawn&aut aﬁde&hﬂl ¢t laydr, recor di ng obj ect i ve
and data

Figures 2A and 2B show a Near-Field optical recording objective and data
storage disk resp. without and with cover layer,

Figure 3 shows that total internal reflection occurs for NA>1 if the air gap is
too wide,

Figure 4 shows a measurement of the total amount of the reflected light for the
polarisation states parallel and perpendicular to the polarisation state of the irradiating beam,
and the sum of both,

Figure 5 shows that the thickness variation of the cover layer may be larger or

smaller than the focal depth,
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storage disk resp. without and with cover | ayer,

Figure 3 shows that total internal reflection occurs
woanosNAHDi f the air gap is too wi de, Figure 4PenoB®0&051243

measurenent of the total ampount of the reflected |ight

for the polarisation states par all el and perpendi cul ar

to the polarisation state of the irradiati ng beam and

the sum puRebA, 6B hatisE© slﬁ)vﬁﬂ@\iﬁnﬁgﬁtofbbﬁaﬁdﬂ dflanwgBactuator in

variation of the cover |layer may be larger or smaller
casetpd Nany g coserdpyes dpekmess gures 6A, 6B and 6C show the

principlg g&rf 70.‘1?18&@5 bRYek QfagAintbitthe 8GR ﬂeﬁ\nﬁa@&@ dﬁfze the dual

varyi ng cover layer thickness, Figure 7 shows a
len;maagatam of the double servo required to drive the dual

ens actpat or, h

convent | A Sshpti? o lple HASes VbR Fortl By fyou evorsigna
(Fl’ﬂ?sn)guge 9 shows a cross section of a pOSSI bl e

enbodi nent of dual |ens .actuat or. |

i S R e e B T
actult8r FoRRSareld) respect to the SIL using the Focus_

Cont r ol ISFC) The air p is kept constant usin

Gap Cont mlre(l@@)wwﬁhgu%éocm cahr/@btaipgg b Yd@?ﬁe&@egwwﬂh respect

' g

to BERE BIRENE PR, YR QR THIS: bEFE ko bt L€ Tup Coutel
(GExbodi nent of a dual | ens actuator wherein a

swi t chable o :

oy o Byl B AR LS GG 08
comﬂiattﬁrtleﬁshﬁﬂh@q&bttbemgdbﬁboﬁﬁzethe optical system and

Figure 13 sho another

t Fig. .12 .
wher ei n ﬁggr Shews, Mt EHB%Q;FOI‘&%OE% :&B?Q?ﬂs alcglat;g? Whezgin a switchable
oph&ll ¥RARt ﬁh@ecf S @Ectllo%&mg AW e 1ighill crylstal fl@)Smatérfal @ixdlbd Bed to

a normal far-field optical recording objective and

adjyatrthe &Céll'la@héf@k opigaghsystg. 8B4t cover |ayer and wi'th
cover | ARl eshéh%ﬁa e Brmbbdifien R ifl Pk, #Bveldiihe Shitidble

opti cal tive and data s orage di sk

optiead plemmtlhpLatceChbﬂﬂwwmthe fisyiens pdtbe SHr.e shown. The
effective wavel ength is reduced to |' = 1/nsiL- The
effective wavel ength is reduced to|l' = 1/no". The
width of the air gap is

In Figs. 1A and 1B a normal far-field optical recording objective and data
storage disk resp. without cover layer and with cover layer are shown.

In Figs. 2A and 2B a Near-Field optical recording objective and data storage
disk resp. without and with cover layer are shown. The effective wavelength is reduced to A’
= Mng.. The effective wavelength is reduced to A’ = A/ng’. The width of the air gap is
typically 25-40 nm (but at least less than 100 nm), and is not drawn to scale. The thickness of
the cover layer typically is several microns but is also not drawn to scale.

In Fig. 3 is shown that total internal reflection occurs for NA>1 if the air gap is
too wide. If the air gap is thin enough, the evanescent waves make it to the other side and in
the transparent disk become propagating again. Note that if the refractive index of the
transparent disk is smaller than the numerical aperture, ny’<NA, that some waves remain
evanescent and that effectively NA=ny'".

In Fig. 4 a measurement of the total amount of the reflected light for the

polarisation states parallel and perpendicular to the polarisation state of the irradiating beam,
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typically 25-40 nm (but at |east |less than 100 nn),

and is not drawn to scale. The thickness of the cover
woOaywriospi cal ly is several mcrons but is al sBCIMB2005/051243

drawn to scale. In Fig. 3 is shown that total internal

reflection occurs for NA>1 if8the air gap is too w de.

If the air gap is thin enough, the evanescent waves

(gﬁalé Quih lof b i &R Ehe Serpl@dRARr bBlatifi@ioh kRRSPaiRBLe 2 b Kir-gap
econme propagating again. Note that if the refractive

errpnggnal fof thefnear-field Hptivad corlingsyst§Ms mal | er t han t he
nunmeric
) thg %rdlg ?lacﬁ@ fﬂ?tftg%l@fl Fs@tvaﬁé)cf@l Wee&vlélelg?ér hay be larger

evanescen NA=no' -
or sadten thenend foodl depib. t ot al am)unt of the refl ect ed Ilght

for th .ari i
o e B 1o 5L Bl S PRAREI e o
valyfy coUen18fer B¢k essSis St In E@@Aptﬁé pidrudic dayleﬁfs in focus and the air gap

polarisation state is suitable as an

i Kepienrmianiol TGOt cop o™ SpmEstvr B B b s B
cortdht by rdo%l ?%@Meﬁé@@&mﬁh@n&)ﬁélﬁ KRF$S 6vahé st RAs RfdidplRed to regain

cover” | aye larger or” smaller than the focal
foage pn the staragei lgjeer Bow theprineiplef aniseation jofe dpal @ctgptor in case of

| on or in case of varying cover
V@l r lﬁt%i%%]%oggldﬂgé”@om In Fig 6A the storage | ayer
i s i n f olRg. a7najb1bl:ied1agmmgﬁpha duklepervospsemmequirbd tordrye the dual

B the coyver 35 yari es ut still the air
ler’é Apruptor Rspewn cﬁ%‘f %ﬂ’\lpg ﬁe% v(f RY 2154 ?%unieg hses
- Cle'ToH! thé e 9as hhichl malfek the Réxiinbr shificktofltienspticsl djestiveafotiow the
to regain focus on the storage |ayer show the
supipqepé 51 veslaxsper ati on of a dual actuator in case of

Oﬁ%ff ftHQ fdéhlslkngtﬁ’ x%é}kk&syfhe dhﬁmrer {vith2B& fotal depthfyQsarying the -

di agram of doubl e Servo systemrequifed to
foccitﬁlevgthtorﬁéledmaballoémtlﬁct uat or is shown. Two coupl ed

servo | ORBR i thd st%%' 1b68 are de P6n &Qﬁ ofHef. 198 Qerv%érﬁi@wdths

makes t he proxima ace e optical objective
andl cHel owplhige:onsxaﬁtamepaném@tére tccbn/@tertm}ﬁdrfor a piaxteeal ilutiohe

f ocal I en ee t er W .

f ocal ggﬁp ﬁflmv%} &‘&’g‘s ﬁf’?él P %)élfar Otjt ?1“ s tTE %O%F&uaa{ T
ft@ijmhtal s\frﬁlleﬂ\f%& dchator (Ig) theriy asedae p«sntﬁul chedope pmmm Diote that

each other. The servo bandw dt Hs anﬁ){v}@g cm.hp gr
thig salies frcua peupiar mak hae myrhsma thap fiie Jarger gap actuator
bePhREL bﬁ@lneé&l 14 shRess Lol Pay@ﬁt‘hi&h&% vhiSaNont that/&edf fh@ Ibrder of

control "of the air gap. This gap actuator is fitt
several migrogsraiutthernfose the residualpasitiop pypr efiihe firsglegg @dlutt?; large because

of ?l%rhtdﬁgd %%ﬁftiéa?Sﬁ' Iﬁoﬁﬁtﬁb S{0fhat 1@'&&1& at F%ns‘a@i disBRR! tl) ﬁ{e dlSC Thus a

cus ac ave a nuc andw dt h
relatiecly hrggeuosigiap eaot ia»atha firis deauesalts in ombgh swedldserray i m the focal

over |ayer thickness variations that are of
ot g B

The focus actuator is driven by a PID controller (PID 1) with a conventional
normalised (astigmatic or Foucault) focus error signal (FEN) as input. The normalised focus
error signal is generated by divider 1 from a difference signal (AFES) and sum signal (XFES)
from a set of photodiodes. A focus offset signal and focus pull-in procedure is fed into the
controller by a central microprocessor (WProc). The gap actuator is driven by a second PID
controller (PID 2), using a normalised gap etror signal (GEN) as input. This normalised gap
error signal is generated by a divider that divides the gap error signal (GES) by the focus sum
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several mcrons. Furthernore the residual position

error of the first lens is quite |arge because of the
wadadsdomagni fi cation fromthe SIL that is kept Par/iB2005/051243

constant distance to the disc. Thus a relatively large

position error for the first l,ens results in a nuch

smaller error in the focal position on the disc. The

mgBQl((tha EMN B a fobwalis¥e dinden ARIJRIERHsEQIdir@land Bir [Bagd pull-in
a conventional normalised (astigmatic or

prqce@mam feq it dasortFallss by therpantral PERPPRESSPput . The
nor mal i spg, % L% o £195re%c?ﬂx%h i s generated by divider

1 froma differen e si gna DFES) and sum si gnal
- T@SFEB)l of th© mirgap ean of cq@ltroﬂ@ijulsume@ erAr figaal sleiyddsfeem the amount of

ev%ag%iep o(fqug ngolgle%geen% (r)ﬁpe(rljr ?3%19 g:%gl 3 aftﬁ)‘ii I1 g%lfe&#%legnal (GES)

is gﬁmact uator is driven by a second PI D cont roller (PID

a nornali error. si.gnal as .
- 1 o ol S, SeRpP OGP hp Giogtl ey Gepkert sissal (FES).
sedWigag.di vider that divides the gap error signal (GES)
by the focus sunsignal (or a signal froma forward
sense di ldégure A ag RapIE 1087 cansentinsiaht-cBrg tperfogggrror signal

(F@éé‘;' % cﬂvno FPGRINF feal- ﬁeld%%%;baﬂ tQoldis &91@5 fsfghél%n BY obfafied from the

m croprocessor. Two control signials are
optiex sighaldf the cdilee layedﬂhicknéss thhiemach la@pthaa IhekaCEd depthdi Hedf
usi ng an

d d.f t
evanescefttig ogrL&)?rP eﬁ%qx\?éjé‘\ri’%éﬁﬂ?_lre O% 8’\7’&9 8?131“1 gptuator for

nedti fibld & sBowypi cal gap error signal (GES) is shovvn - The
focal length can be controlled using a cglnven i onal

S-curve igisl Oeanqpfuc%},d@ﬁépor:{gcgggtemg‘%reremr ng gnd/pyyreading, using a
racf Tt HRad, %lt?%;\{)mefen fh o= gf@@ﬂtﬁ% é}fé%' Ti® ﬁHfaﬁ@n baaRLis focused

ocus error is shown. I n case of
ontveradatd §tedage laperiafah 0p@@n1> d@ta migraga atedans Thp aystera gorpprises:

-t egt alne subﬁ&a% sﬁ?ﬁﬁgﬁ gha 843 hangl?rkfaa‘frl%ga{?&gﬂayhﬁﬁﬁ

ar ger
traﬁparelnntol-'th@focﬁsea radigtim heemtl on of a possible errbodl ment
act u for.near field is showm,..ln. ..
- apofad b g fiing ap SRisp v LBk my L P Ok GrdioBgeve
1n(ﬁlﬁtﬂﬁ%3£ sdlﬂaﬂirﬂéﬁlolﬂl‘éhﬁ@lﬂ) thadls addptud focsing lkraselnﬂg adfree working
wavel ength | 405 nmis shown. Thetr 121 on beamis
distasiergEematier tham i Qifiors s pulgrnostsysfacet sail magsiivmm gnd arzgnged on the

oSSBT L B4 SATED o ot s s
fome.cbnadiaag:ebeatmmcouﬁed bweigpescenitwaye coupbing gt ghecpover layer of the
op{1%aq dgt%\ g%gr\%r&}]um d L?glggdrﬁﬁ%/r%%gl : Th@%ﬁlﬂ Hdd g&nprlses

- adhpteﬂjusmblelopﬂd:ah dlengn'a(Sib) oomkespmémg tothe lselulsm@@trm)m femat

- rrilesansa o? Ig)tﬂg y Ifng\r/mg %Jentgrsp op%cgl etlen?etnt gnc{ c'{ namlcafly i(ee%mg constant the
distance between cover layer and solid immersion lens,

- a second adjustable optical element (lens),

- means for dynamically adjusting the second optical element for changing the focal position
of the focal point of the focused radiation beam relative to an exit surface of the solid
immersion lens. The second optical element is present in the objective. The second optical

element (lens) is axially movable with respect to the first optical element, see Fig.7 and Fig.

9.
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di stance of smaller than |/10 from an out er nost

surface of said nmedium and arranged on the cover | ayer
wei2ais/10d108ai d optical data storage nmedi um Fr oRCESABI05/051243

solid imersion |l ens the focused radi ati on beamis

coupl ed by evanescent wave coypling into the cover

| ayer of the optical data storage nedi um during

recordi ﬁE@E%EQ‘ﬂ i\Gowh it Q8o bEsHIsoNBAUe BRI BP iovingahe laser

first adjus l'e optical element (SIL) corresponding
coltimatohens withdespperie BieohicFéves, - neans for axially

MOVi Ng 1 ré'lﬁﬁt \X@Eﬁdb%a(lgu%lﬂ + B0Mda 0y BREY &N (EVV) or liquid

keepi ng coifst ant tance between cover |ayer and
crystal (L) nmteiat itk chrelesysed taadgust dmd‘oq,adi}engﬂla:tf lthe appitalsastem, is

sheiag e sp R oRle @ ERUREe b ORERGr kg ot heer LD il

abedifatib e thRGady. Hemdatthelend (3ecohd optied ell‘eﬂxdntaihascmfobaﬁamgth which is

relative to an exit surface o i1d_ inmers
electgipally afjstables 6gdbyo%?qt1@g4ettg1g éﬁ‘r\g}ﬁ Fﬂpglc%llye@gmnc 08 t{l%(énentatmn of
hq]ﬁEth falﬁﬁteng]he second optical elenment (lens) is

aX| y nmovable with respect to the first optical

el enent ,Indg 1Biagwitckable gritigal eberpant Pasgd on eleptgovegingronligid
I
e BR3P S0, BB BB 855 s, e
elefh2ntais platddcienbden thyplencald the 8He fitis blas pdssﬂuhe to simultaneously

el ectrowettin stal mat eri al ,

corpegat 31 st aorty Saptrse et RaR W n of -t he
optical &W&dl19¢As abﬁlaﬁhﬂa@fbeeﬁ tlesighed) se@ Rpfssm i| bihizhthas a Lorentz
simul t aneously co ﬁjte fgr a cert

unt . of.
motgstie pdieg thedigtancsbe ertpyp denges, Withig ete?‘ﬁ b_ﬁgtwe The lens
asséﬁﬁlér% d vald ﬁt@lwlﬁinetﬁ@ Qétﬁat&a?hé‘dﬁé? Gtk abi@imet é’bn‘ﬂ@ﬂs@ﬁtW& coﬂs that

rically adjustab % el ectrowetting
areeh @uitlrin @mosgve irctionsn @nchtgfom allf M EReHEIROBES| Tlaﬁﬁoals ate wound
t i
B Al e 3, AULEM ok come
thromghethé adlls amuombxnatmdmﬂntha dqraysﬁeld h’éth& (Ma magmgwﬂl wgult ing
opt.i cal mis,s
Velﬁg?lmrgﬁ \gll moye tgﬁ rs[t HB] g]?\felel}s O\IN%rds mra oi?s%r? tlfecseiﬂbA near
fieRll d¥bikh ?%tﬂdlﬁ(ectﬁﬂmﬁﬂﬁlgtlﬁng)B a cert ain armunt of S
spherical aberration i s _.act uat or

has beenAdigsd |e§1,1?g@me§t§ é)? pgéf)gtlca}/\&{] eqmp gﬂt%rygga {0&? gion is

shdm{ ﬁ‘lrFléso 6 @R YSindtifie répestbARCHEg bR %@t@ﬂlaﬁ%xﬁb&nﬁ%ﬁ%hange the
hin the recorder oObjective. The | ens assenbly as

fooakmsélomuqfﬁlwsthmwom@sea&r@a@mple arifestrai ! e sorgalimetas lens,
S
sece b, Slindlfle AR oty A ol B A BP B L8 cpypal matera,
seeckKipd. 42 ané 1 hventhalsceRefufyd Theee mbjsanssj afeohnseysainbe thsen and
n%ﬂls h Ider is suspended in two | eaf springs. A
S1 ythroughthe coils in combination with the
stray field of the two nmagnets will result in a




vertical force that will nove the first objective |ens

towards or away fromthe SIL. A near field design nay
woOaals/osloe the drawing in Fig. 9. A first enbo#CmEB1085/051243

of an optical objective with variable focal position

Is shown in Figs. 6 and 9, angd it is repeated in Fig.

10. Alternative enbodi nents to change the focal
ReR9Sictd:-on of the system conprise, for exanple,

adj ustment of the laser collimtor |lens, see Fig. 11,

or a switchable optical elenent based on

ol e NP . . '

121 a9 YPlil Y oGl Sl (RG] GlrmcBaon @R optial

cour sear-fielrcobplittgaibenomsénali) it Aivgoelsliy aRe bt kafrrwgtion Rijocessing,

Ferry Zijp an ol V. v, "Static tester for
char &¢f ejld?%toggﬁﬁgdg&pm‘%%?i f%)g@-'fi el d coupling
phEN ®iRiEro, S4itd, ThitdnalshiBicas, AgkacKdndon Aeiyosit INakaoki, Shin

TG Mo aperts a3 bSeh el gt o Read
Konden iyt Mo Bighit kD Kir Gaplt dhiryBSigha ida NYB I Cptical Di
Fur ukin and I\/Bsa{%obu Yar?arfa?to, " Readoutal\/ét hod pgjrlc%{ealtsjc

Onl ySyaers’t, ypisil givei! Rinv- 44, pp-&83P-4807 2802)si gnal in a

Ne ' [ ' . ' : .di
410018 bR NGBl o SRR, ey Clcalficrp Bl disc and
Gavi objeivie?,i(p802);"seSuerndtionel paten) appyidatyimblieatigh kO and

obj ectiver, ; i.pt ernati onal patent

appl ?@%‘Y‘ﬁ’éﬂ“‘éé@ﬁﬁ@@gﬁw\@ 2004/ 008444~ A2

( PHYIE»20@6 86merehdiFerBobijp; #TanSoatEK estsrer-ardrMarfinjvan déddvisrk, “Hard
van Kesteren and Mart{'n van der. Mark, "Hard coat .. 1 patent
pr ot €A PrAsectiNg HILERYEY ayefstack gteg@lénfjré&qt%{n afftf @gﬁﬂa@ﬂ?ﬁ paten
see Lnhennal hudiedtioR208400%In R AXC@bOD TPENDOLEIEGT PN S
2004/°008441-'A2 (2002) J(PHNL0200667% [5] TeraStor

CoffdieraStasr;ormntione San Jasa| GafifaiaaUS s Alead jpeheing a heating
i ncl ydi ] RRt o A ' Wely

di st glg%]?%nfgf %ﬁ%{lggﬁﬁ éraage %I{/lg tdgﬁs%%éy%é%%gwg 563'(.)69[' 865]3'
Y. Y61 Y Mantgngv, B.HHWyHdsdrikls, FkZijp,H, AZity, p.-P.Baapimen,<G. van

). - Pﬁo%ﬁ%@ﬁ&%&&h%%&@&é ﬁ%laﬁ @Io‘glte t‘?leigté Bﬁﬁglléﬁ%i Qpee?tu%rbq)tical

H. va rical aper
r ecoredbriglig: Active/silt torkdctiowor tintdooer layer? hifpm. ¢.oMgnl. Phys. Vol. 38
| ayer?" ., Jpn, pl . Phys. Vol. 38 (1999) pp.

1786(@?8)291’-[17?6]'. 2. Feenstra, S. Kuiper, S. Stallinga,

B. [\ 7. etk ks Kuipd¥ S. SHamianB. H. WaHeabtile, RO USndeRAS“Variable
see i nternational patent appi i cation publication

VWO
2003f@B9BaY- Agc intgrnasprl prtprApPHcageR pehlicaliomChi lddIPPIRI-AL. S.
Wi th sﬁuﬁ&h,e@ﬂtiéﬁ sgﬁ‘hllilfgadevféb mraa&%tiveo@ﬁi%atdiéﬁﬁragm”, patent US

6707779 B1.
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6707779 Bl .CLAIMS: 1. An optical data storage system

for recording and/ or reading, using a radiation beam
woaavisngsmowavel ength |, focused onto a data st aCamB2005/051243

| ayer of an optical data storage nedium said system

conprising: - the nedi um havi a cover layer that is

transparent to the focused radiation beam - an
cIgiiscal head, including an objective having a

nuneri cal aperture NA, said objective including a

solid immersion lens that is adapted for being present

at a free working distance of smaller than |/10 from

an outernost surface of said nediumand arranged on

the cover layer side of said optical data storage

medi um and from which solid i mersion |lens the

focused il ' SSHIRIY. udY £radiation
L coupl i ng@ﬁ#@a% ﬁga %g\ﬁ/dg% gﬁéﬁ@g%&q{ﬁg %\Sﬁ?cal ﬁgtétég@g/
bean,dremige amedelengtll by foqused eotoraidatrgtoragaiianies, of eh apticel data sterpge

i.n that, the optical head conprises: - a first
megmg?lgﬁystée%ﬁ?lg 3 "?%I enent corresponding to the solid
- tierm&tish Gavihg A sover layeathst is aanspaieat tb yhenfowisad) radiegioh ibeamn,

optic | ement and, dynani cal | y keepi.ng const.ant..the ..
- ap P st B TR 26 SUET N AP re 4 Ea P AP RE R Hid P@ﬁ%ﬂm
includ@ngSE£sMA Imadisitit 185 BatdPhdpaid f6f i Yresent sTRATE® Waking distance
dynam cal |y adjusting the second, opti.cal gl ement, for

of erpalleg theg M 19crams amputgieaqst suskce Pt sajfempdjpim ang grrapgeg on fhygrover
- jigd! ifth] M8 fid AicRXblid MuthérSieR 186 th
la}{eﬁ_%eiﬁégfsla{ | ﬁér@%&??@n@%@& An opti cgl recording and °
foqueatiadigtieny saaemis ssupd¢dhnedngseent waveredupling éte the coyrs layer of the
e d optical. el t 1Sy in the objective. 3.
OPi???g%?FtS%ge%%é‘%‘r%a?‘%gn arﬁu&(rhggﬁdﬁsagggéyst emas clained in
cl ai m 1, chatnetegized inhkatsecond optical el enment is present
out si de t he o%’lgctdi ve. 4. An optical recording and
r eadi ng é‘ﬁQP% FIPEPHES in clains 2 or 3, wherein
- alfl1§ 23RGEPIE opiitdl eRMefd RRREHondiBg dxihalsblyd ifuabbe lenst h
respect to the first optical el erred;i . 5. Aﬁyg tical th
- nyegpion prgamaving the gt apfisaletamest adAvparice %‘ym@ﬁ@n%?m e
isBAn@d Sr 1a1GhE sid B8GR5, 0Pt | cal el ement has
dlsgdn oggfw%lgcﬁ)gt h?yv\\é/l%i ch i é 1eﬂ%ct ri caISI y adj ustable, e.g.
- alsycontl edjustable oplicagelementy el ectrically influencing the
orientati 4], Qi I i al.. : o
-l oL ey S i€ b Bt B o LG AaPosiion
of eledfoenb doinnofth@faeuskd radigiomiteam relative to an exit surface of the solid

immersion lens.

2. An optical recording and reading system as claimed in claim 1, wherein the

second optical element is present in the objective.

3. An optical recording and reading system as claimed in claim 1, wherein the

second optical element is present outside the objective.

4. An optical recording and reading system as claimed in claims 2 or 3, wherein

the second optical element is axially movable with respect to the first optical element.
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- the free working distance is kept constant by using

a first, relatively high bandwi dth servo | oop based on
wea 20 o€y or signal, e.g. derived fromthe anorat/iBf005/051243

evanescent coupling between the solid i mersion |ens

and the cover layer, - the f| st optical elenment is

actuated based on the first sé7’rvo | oop, - a second,
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7. Method as claimed in claim 6, wherein the focus control signal is derived from

the modulation depth of a modulated signal recorded in the data storage layer.

8. A method as claimed in claim 6, wherein the focus control signal is derived

from an S-curve type focus error signal.

9. A method as claimed in claim 7, wherein an oscillation is superimposed on the
adjustment of the second optical element and wherein the focus control signal additionally is

derived from the oscillation direction of the second optical element.

10. A method as claimed in claim 7, wherein the modulated signal is present as

pre-recorded data in the optical data storage medium.

11. A method as claimed in claim 7, wherein the modulated signal is present in a

lead-in area of the optical data storage medium.

12. A method as claimed in claim 7, wherein the modulated signal is present as a

wobbled track of the optical data storage medium.



