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WD 2005/ 104114 PCT/ | B2005/ 051244 1 Optical data

st orage system and net hod of optical recordi ng and/ or
woeadiogiidhe i nvention relates to an optical daC#iB2005/051244

storage systemfor recording and/or reading, using a

radi ati on beam having a wavel ength X, focused onto a

data storage layer of an optical data storage nmedi um
Optichldlasystrage systami hsd mgthod of bpticat décordihgendigr wadivger

| ayer that is transparent to the focused radiation

beam said 5 cover l|ayer having a thickness h smaller

than 5 m - an optical head, including an objective

having a nunerical aperture NA, said objective

including a solid inrersion lens that is adapted for

bei ng present at a free working distance of smaller

than A/10 from an outernost surface of said nedi um and

ar r anged 198 idvagticiorSdtes toanptishldRtdtorags slystg ferabcatding and/or

storage nedium and from which solid_ inmersion |ens

readives, 16ing o cadiaibnr begiekavine beavelengtl dufocuipdivptas defa siomge layer of

wav.e .coupling int.o th . of optical data
an@?ﬁf%égtaﬁﬁoﬁ?%ﬁna‘ﬁ}ﬂnh gsfgcrl gg%%i ichg rﬁglg ing. The invention
- théAnbim Kairt ﬁ@ov%@la?eﬂ%hﬁ@ drandpacit kcthe fo@sed didirgion beam, said

and/or reading wth such a sgsten1 15 A typical
conerdeyer baviog athieknese hsmallestyan S¢be or opti cal

resol ytion.| ' iectl | | NWE BaiYobfective
- s R it b et KRR e A R B N Bttt
indludiBg b Gelid Apaedsionden thothie alamed fos beliaBipnesdnizas aNiree-weyking distance
0, see Fi % 1. In Fig. 1A,%i)2{1 aifr -.i.nci dent on the cover
of seaterghami/il @ frops agy pufEMQsh SYRACE 10T 51 U apd P]érﬁl?sgeflayer
| i fr88BwRiGh 8816 hnersion lens the
e o B B o B e ™
foaseé radiaiparbeamtib cougfledloy ¢vasesoqniexavecoupling thetgquer layer of
data storage |ayer . froma.Qq. scratches and dust. From
optiRl taf%t@ragf‘e@e%ﬂ gur?rfgfrgf;?rgﬁlg?rﬁ% Y% he opti cal
resol uti gfheiiSveai6h ARARY rélhtesito £ loRPticdl Secapdihg autl/or reading
on top of the data storage layer: On the one hand, in
withsucbawsgsteinayer, the internal opening angle 0' is
smal l er and hence the internal nunerical aperture NA
I's reduced, 25 but also the wavelength in the nmedi um

A" is shorter by the sane factor no. It is desirable
to have a high optical yesolution because,.

hi gher. )
the opti cafypicabBieasie for thaiocHed Sa%ttsyeeéﬁpﬂtgaq?gﬁoﬁiﬁ’é’ﬁrm optical -
t h . ar. th i ; - and the
rei%gflwgggg’tgrpng }s?éls& lg)}‘ re ?ﬁ)g@g'b%ﬁére% LI Vélél{g%{rpalr d th

. ( reast ng tical resolution involve .
ndffflé}}%ﬁl dRritfe Iffike feAS sRMinb@aNEPennGseaTid.d . Bt FighA carsdir-incident
of lens

configuration is drawn in which the data storage layer is at the surface of the data storage

medium, so-called first-surface data storage. In Fig. 1B, a cover layer with refractive index 7y
protects the data storage layer from a.o. scratches and dust.

From these figures it is inferred that the optical resolution is unchanged if a
cover layer is applied on top of the data storage layer: On the one hand, in the cover layer, the
internal opening angle @”is smaller and hence the internal numerical aperture N4 7 is reduced,
but also the wavelength in the medium A~ is shorter by the same factor 7. 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
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WO 2005/ 104114 PCT/ | B2005/ 051244 2 conpl exity,

narrowi ng of allowable disk tilt margins, etc. or
woeduscsiam of the in-air wavel ength i.e. changCngB10h&051244

col our of the scanning | aser. Another proposed nethod

of reducing the focused spot sipze in an optical disk

systeminvol ves the use of a solid imrersion |ens
corfifikity, nagewitiggof a?]owlableudlsk tlt mptgng, efcoprmedugtéon of thy [n-3ig

a half sp&gre centr t he data storage | ayer, see

waysglgngth je. chgnging the; 40 O"fr 2 (RSEAURBIAFS on the interface

bet ween zhbinafgho gés?eﬁ h@HEd of leBudinftieTatused sp‘dbttsiman an optlcal disk
cover layer of the sane refractive index, nn '-=

systdm! irSolveis sheause ad genhd anmyrsm 1egse(§tILb ﬁeq)FlgaZ SIEIH@,-Sé'mpleSt form, the

SIIC @r?t }Ilaéf %pg_g{e??%gggg% ﬁi%{ahs Xlers thA;s;bet@éf the 'f@éu)ised spot is

on THEintePfabE Bétiledn SIL ARbdA4 la@@r (I>1f1 cdh’ﬂbmﬁhdm W$thtah:@t/en llayer of the same
reduces the wavel en%t h at the storage |ayer

reffaatltz@mdns,l Hy!=nRshethe &t Las;{l tapgemtr@(y]é{)@u5$ecf1% of_:@ Ephem Wﬁgzgtls placed on

chan e. Ie 0.
th erc@ivp o\ﬁﬂ%fts Fvnralpﬂqg ﬁlgalglq_a 8 oangg‘ggcprag gep %F:? Fig. 2B. The
pn%élgfétof%&ea"t@n 8t thel AANtis MAOH e&duces ﬂhb evaSklength as thefsaarege layer by a-
npare Fig. 1B and Fig. 2A). Very inportant, but not

fadentsi; pthe defigutive iridex ofithe Jbi withoutchapging theepening aggledt jhe reason

o b e O R S  EE B PB Apskme si
ue& céﬁﬁﬁ%% tlggﬂaeglge;&y der objective (lens pI us

I's air gap should be nuch snmaller tha
o pt | cal Waeveinptant, bpypq)tggq:qtspnpd up BB thispeint s |t1paé|t ere is a very'

thlp ﬁér gap é’ﬁ%’?eﬂﬁﬂ é&l@atco%‘&; 8% ﬁged |5 8YPRES St f&oﬁ‘&' JoBffioR fof the

cover ayer o disc is

recokdihb disRGGS Rkgoct T0ie Fevogder obretivdlets i Slll)aﬂpe ai gag should be
called the near-field reginme. Qutside this

muchrsgr@ﬂlelathan gapptical srasrlepsthebpisplly Brspenltvs Fglet tlhf“il Aﬂ% such that
soTCaﬁgc]l \%Ngsiclg ntf :.!Iﬁ)%e)lui%g]hof R lhgﬂ?ﬁ tﬁce 8 {dtné Qovté??%rep Bf fh@ dide8s still

case configurati

OQQMQTTE@MﬁEe 8er apEIChechdpperts ig calléBhe hbrﬁtﬁeﬂ«b regmnc{@utmde this -
coupling the refractlve |ndex of {

regimsunidatger air gprsatataldpigenal redlectiopwil s Tt il fo 1L and send it
ba%:]ﬁhlgp o %ht’e lg‘s% I\th(g a? il Qe bPHHERS ﬁ&ﬁ&@éﬂ with ¥W6v@3ajRehoWepicted in Fig.

ang e propagate through the air gap
2BNItEd11 %ﬁprdpéraysuphngme ecfractiive selenlobthe domer loydrishowald bgragleast equal to

becone evanes int n how 25
th@@@f@ﬁ’é}‘ﬁ index Hé@S)SHM A 11313 gﬁﬁg‘r&ﬁe fl‘%al S\t the critical
angl e NAg,des HeRiw {HR GiticHIBR M f#bbhgate thrdubB e Abgatewitheut d
critical angﬁ e refl egtscfroﬁw tlgelst}ogr@om matgg seurface of S
hdﬁmsﬂdzsebtjaomjﬂlalcntlmlengblbeC(DI@fB eeaniehesnt {TthRpir gpp and show

ex\évgl\ép%:tqg t n Ofd%lﬁcgﬂ ggglmcil\g &t the Cl’l%lceﬁ aﬁ@g %}Ae NgNtof Rbge gap width all
light above the cr1t1ca1 angle reflects from the proximate surface of the SIL by total internal
reflection (TIR).

For a wavelength of 405 nm, which is the wavelenght for Blu-Ray optical disc
(BD), the maximum air-gap is approximately 40 nm, which is a very small free working
distance (FWD) as compared to conventional optical recording. The near-field air gap
between data layer and the solid immersion lens (SIL) should be kept constant within 5 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
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(BD), the maxinumair-gap i s approximately 40 nm
which is a very snmall free working 30 di stance (FWD)
weaosaopids ed to conventional optical recordi ngPCThB2005/051244
near-field air gap between data |ayer and the solid
i mrersion lens (SIL) should be kept constant within 5
nmor |less in order to get sufficiently stable
comsmirsion iévet ofihk idisy. is lalngdn and| wdil s¢qunre@nradilm actyator-baged-solution to

basgdq %? lg%% ok %eelln i% gaﬁ%rq% S%%'%f]lélﬁg’[ b%'le:r tragt&l. gii'eira%ly from the

Qi siithal 46 réMRtddasahé opScalaibidiim. rBigh akémnal can be found, and a
Op{lgﬁrrgéangglafro it Sde%’q iyl 2005/ 104114

ty T EhBRO0SY g5l 2giverginddist ARiatathab i ememopprackige i eRe a near-field

Is larger and. wi r.equir tive, t r

STl 31 e g e e BB REPTRHRETRE oA, 1o U R Al Bl than 1
error si %@'4 JiHS aRfeaBrbiAt Rfken Bosl REAPLTY of the mﬁdnﬁts of reflected
opti cal a signal already reflected by the optica

lighefdi both tBejphraHelsangmtpeoélnu epéletisadionstatesavith TRSPRCALO @m}mearly

F 2
B kR i BTy ey S At o i
a rgﬁﬁdtﬁi% ihdi& JTUNEY. Thade rBERtieHicBtsAFe Mageodl’@iéenﬁnnwﬁkh theory. The
whi ch can be larger than 1.

evaneasant eoupling heatlxleﬁﬁ }pqr@ﬁptlpbfbelcfvl%OO af: {hﬁeh%g,tﬁglges(yp to the “disc”,

G54 A 33 28t T e
belis@ B dverrdQligial fird olakd ldvptsed ol syptﬁm dfgherai gqpn'ﬁlefdsalﬂlatlons in the

and transparent opti caI surface
hoplsentalcnalarieatipalase Bpsed PYghe ARG REGPBERR Y Gipees pithin NA =
.W¢g¥%cﬁ%g&gggﬁqﬁmw%%p theory. The 10 evanescent coupling

eptibl'e bel ow 200 nm the |ight vani shes

in to thevédidetiils abautch typiealtnemficldafptiodtdissrsystempsn be found in Ref.
almost linearly to a mninumat contact. This |inear
ignal may be used as an error signal for a closed

| 0op servo sy ?@dﬁrﬁffoﬂdiﬁcﬁ' fecaft obJdreives eithéralid@risased or actuator-
the horizont pol ari sation are caused by the

bas&tjbatingn sofalltvherkimgrdistancef typicalig &ss tian$0nimyds eonfamigatipn of the

OP%;%SS%E‘L% 8%"@3%0&{}8 gtg%%? élaqdlllg{l ggcug, gﬁgﬁs l(ggy]seﬁ Z)yfr endensation of
waﬁgﬁf whidhZhay B HQRFbAIRRL &P déthgORiedf] bécaRldithe hlgh surface

ectl ves either slider-based or actuator- based 3
tellﬂpwaﬁ@e atypivalyl 25001C« fon M afinstoe®ptécal (Y6)) aedorging e 6501 a@u for Phase

Cha@g@ ﬂgll‘):qegq?rgé‘%mppggf q‘mﬁp?nghrﬁgérl R%S’JGE gﬁci ;g%p%V 23 (fulred for
w%ﬁn%&’é ﬁﬁf‘ %?Ebéhnreﬁ?(ﬁmg Bat@ioRh theWatLRcorihgdByHETRY amination

e storage nedi um because of the high surface

ultimetely @sultsein malfiinceoning oftheOptiorl dutigriernes ystent dye foppaway of, for
recor C for P

oS50 NP eShShr P28 sFISROE R A Al s o

desGfBédNiR the Mlings and patents given in Refs. [3]-[5].

The problem becomes more severe for the following cases: high humidity,

high laser power, low optical reflectivity of the storage medium, low thermal conductivity 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].
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witing data in, or even reading data fromthe data

recording |layer. The contam nation wultimately results
wonoesabdamct i oni ng of the optical data storagePeySBmns/ 051244

due to runaway of, for 25 exanple, the servo control

signals of the focus and trackigng system This problem

is a.o. described in the filings and patents given in

Refs. | SDb{zﬁhslyTﬂnEtupg mbbwﬂd;ecmurﬁs: nvor-Bekleapsicel sterpge medium has

fol | owi hg cases; h [ hIa r
theqpdditionpl gdypntags that chla 3619 S{:Iﬁlgc H%%fl (ﬁ l%lctlf WMlencd A data
thernmal conductivity of the storage medi um snal |
lay:
wor ki ng di stance and high surface tenperature, 30 A
known soHotieger, by puttieg preobérdayer ontan Beardicdd ppfical system, new
r oxi mal

surface of . the order objective
PIGOERS FHE Hﬁ]ﬁhﬁ?ag};gpegﬁn%a PSS PR a{)5gr|i:nsul ating cover
| ayer onnohgalsy, Qﬁ@ﬂﬁura@? 6}; whichhe nBatefiéld air dapsedianworking
this insight i's for exanp]

Ref. [4].
dlsm@/bﬁ@mebmdatadﬂ'@rmd@@q e omians (gggp);ko%glbp\’%@t constant

a
bk 8 R Prdsh o BEUUIGELY sPRIG Aokl QBT iR @ cover
lay‘é@ﬁ uled, |tﬁ>@§i€ aplistRekden donéd 1H3aa’1‘(aﬁd1$ihb séatFag 2IBayA@a1n the air gap

However, putting. a cover | a r-
sheigd be gpptwgqt@qnﬁto ﬁ\@(%m & nB} y%ﬁﬁ?ﬁ %n@ﬂl § Ei]%age an offset to

,co&ﬁgv%s% Iu{h%s(:o(r& llgg rg R Eikss E\Eb‘h%@ |t$ ?vrlarﬁﬁ‘t@e tHaf er&fé&b 1RYer is in focus at

near - f alr gap, ee wor Kk
alldhﬁdsaNatb, thitehovedacdwt mdb)ayéhhe anmbrtldtb@r,slé iitiigl 1QWﬁ1h§ha§I thgrefractive

| ens (SIL) shoul d E}g t const, hf M QL. custem.
indexd ﬂilen 145 determiges, PR RO &y éis% ent >
coupl i NGy, bilet &5 8htdin GRMRIent hﬁ?ﬁﬁﬁl 1h§1aﬁ§1€ dhe &ﬁkécﬁicrcogaﬂayer

IS between cover layer and SIL, see Fig. 2B. Aga
thicheesabtiouihpe Adresthan hpproginatedy Occawst buttpreferalpdst i |o|£ tlge qvder of 2-10

Clearly, the SIL focal |ength should have an offset to
umonpensate for the cover |ayer thickness such as to

guarantee that the data layer is in focus at all

times. Note that the refractive index of the cover

layer, if it is lower than the refractive index of

the SIL, determn he max m 05|ben

apert ur e Ib# aPWQJe&??%ft%ﬁfm’leﬂtl nﬁ’é?rng © 8B PRI Ee {afsgoqa%e jystem for

I dr h, 115 which reliable data

reqdfabd 2 r%ff#ﬁ%%’?ﬁ%‘%%“?%“’;hﬁ?%%f@% 5B gm
redutinpgmad eafadtduy is whisied heinga dear- gollcblmlgmsnom 1¢r§ 13 gombination

w 01%)62 é%é? gﬁ:ag %Q}%&egp@ﬁfﬁéhgg dx?érhégcg{)fncgﬂc?ﬂ%%&dmg and reading
fol é_fgl abrgsgttefélgpzd in the opening paragraph, in which

The first object has been achieved in accordance with the invention by an

optical data storage system, which is characterized in that the thickness variation A4 of the
cover layer over the whole medium is smaller than 50 nm. Preferably A is smaller than 20
nm. By only controlling the free working distance or the width of the air gap, the thickness
variation of the cover layer A% should be (much) smaller than the focal depth Af = /'{/(2NA2 )
in order to guarantee that the data layer is in focus: Ak < Af, see Fig. 5. For the wavelength 4
= 405 nm and numerical aperture N4 = 1.45 it is found that Af'~ 50 nm. For spin-coated
layers of several microns thickness this means less than a percent of thickness variation over
the entire data area of the disc, which seems a challenging accuracy. However, it surprisingly
has appeared to be possible to make spin-coated layers with the required specifications:

Several microns thickness and less than 30 nm thickness variation, see for example Fig. 6 and
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recording and read out is achieved using a near-field
solid imersion lens in conbination wth a cover

woayesrio4ihs is an further object to provide a meCneB200$/051244
optical recording and reading for such a system The
first object has been achieved 3n accordance with the
invention by an 25 optical data storage system _which

Refis [(had 47} @hiszeshlt in retharkablh sinc theldhitd svag apt admisistosprd wythe centre

or AL G U8, P oS W P M b v

inHoPigeRdduk Rékulth@ith HRLcoveF-llyBathilikatane ﬂae&fdgé@mumh HtgheIOﬂhan in the
the-air gap, the thickness variation of the coy

mifidlgein thls ca$m hbwe‘tﬁ’é, g th@rmal gsadientayastusedhtor tHae fb@ggﬁ Yispesity during

in_or rantee that the data
thy S&X’/‘épmlcés Si?d afﬁ&cﬁlgn o,gh J /g-{? g%e Fig. 5. For the
wavel engtriiug thdFirst #eRbinsigheis dhatmemrficld Iop’aqmé stovage diks<an be made
1.45 it is found that Af = 50 nm For s oat ed

withegeoreslagérs oy e suifieiprihs spl Sidkasss Yasia Olhé‘ ns |ess
than a pgg}gg}%}hg&g}egj&&lkne \ﬁ%ﬁd@& é)‘lrke ver the entire

data are seens al | engl ng

- AU FREYabld BNRYPElembhit (ﬁ)ﬁfeﬁidnﬂinggbyhe fuil iappesion dhrko be
possi bl e to make spin-coated | ayers vvlththe}rl q(
- nses i amlaymvmgweﬁraq onica dementtip erdlse Kukerndht Hesworking distance

el 0t A8 1 Berlddes bt SRR Co' e

-a[sgbondehitJ&tzrbgésoﬁﬁcalhslememarkabl e since the fluid was not
adm ni stered in the centre f ot k h

e gteploaie sapons QPGP RLoiBFat 8 OBt HEBBRITYP § Jrgbandwideh,
thd gver rf S e ¥ V%ct(lhp&QHP ARASAMS 85K blam Yélhtivel B8n exit surface of the

ayer t ness at the edges nuch higher than in
solif) émmietsikel lens. | Thet loinsbandwédth ladmumnt obithe feeahkingty i deefprmed mainly
was used

to SpapRRSLedet e P ORTBF e PO Reb e Riche
to% nEEs g %ét@%éﬂﬂf‘ffe&&t ahas aﬁtﬁﬁﬁaﬁ i tgetdes@bargitionagfthe cover
be made w th cover |ayers that have

laysanfoff it dam [The sﬁ;uswnmhtammlg@,e Qe itisng sspleg BT typpally seconds rather than

mﬁﬂ%%agq%e :Ilsels%lﬁqaégforg e se agsggﬁﬂg{seb%n%s for e@uatll rﬁva'g tI(lje first optical

cleA¥RI HERR 16W BandWidth f@@@ﬁo fide saalesabﬂ typllm‘lw mondsa’vlﬁller lsgh
optical elenment in order to keep f ree working
baddwidih eefersie imesralev ok picale il %F°§ § eSS mrer si on | ens

dynami cal t .
o omont - Thé EERT Y imsiphFisHER BT Bal L TE1E 1R 58 have
subfi @R srhdll idt@Esstvariatiangi, sawiits Mlld(ﬂeswwdrmﬂdbwlcﬂs than 2080 nm, we

position of the focal point of the focgused d
prbpess arstatigtdopectiqn @ﬂfog}@ﬁ@ng}y 1o Gaagpenpate %fg coverrlgyéra%ll'nclgness variations,

in addition to the dynamic air gap, i.e. free working distance, correction.

The purpose is that the data storage layer is in focus and at the same time the
air gap between the SIL and the cover layer is kept constant so that proper evanescent
coupling is guaranteed. The position of the optical objective should be adjusted according to
a gap error signal to maintain the gap width constant to within less than 5 nm, or preferably
less than 2 nm.

A cover layer with thickness variation of substantially less than the focal depth
eliminates the need of dynamic focus control of the objective which is otherwise required in
addition to the gap servo. Only a static focus control and spherical aberration correction to

accommodate possible disc-to-disc variance is desired. Also drift of any pre-set focal length
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15 solid imersion lens.. The | ow bandw dt h adj ust nent
of the focal length is perfornmed mainly to conpensate
woanosdosifit, e.g. by tenperature changes and t oPOVEBIOFES1244
manuf acturing tol erances, e.g. between different discs
and smal | radial thickness varigati ons of the cover
| ayer of the disc. The adjustment takes place over
dud fomeechanicaisshotk bytpinpetatyre stedn dan baediapensaiad in this way. Focal length

R R T R e e T
exa@jggghpmegm%ggh refers to tinme scales of typically

conds while high bandwidth refers to tine scales of .
typi ﬁal | ¥\ swiniles precsgintbsis desdribed in Refe [ldenRY Ihfagus Akingisetion.
is that, given that the i
o oS P BG83ty om o ot

dat&@{&égé%&ﬁﬁﬁ[i es by less than 20-50 nm we propose a
static correction of focal Iength }o conpensat e

cover | ajresn embedimertshe sgaond 0B gal elesnent 15 PRRRGPY liné{ﬁg{’@e“i"e'
the dyna gnoﬁl]err eHbBdinhen® the' é'eﬁ(ﬁad’%i&f@erﬁéﬁti@ﬁ&@ent outside the
- € pu at t

correcti rpose Ist e data storage |ayer
objeétivd) focus and at the same time the air gap between

the SIL and the cover |Jayer is kept copnstant,.so .i.h

proper evipseoBopticah E{?Fl})gﬁbmﬁ‘é e@ug? FRALL grovehlg itt Rpect to the
firdt %@h&g %ﬂenﬁ’{nt.t&l‘?erﬂz{weg%e objoRa bpMeal Shedntnkien AdhUsh@d which is

according to a gap error signal to naintain the gap
elevirithily adnstablo; e byvdledtiowelttingsort dhentriglyrinfleancingdhe prigntgtion of
30 less than 2 nm A cover |layer with thickness
liqyigrqragtalgpatgpals upst antial |y | ess than the focal depth

el i mi nat g9 tHien R S8R OHfas BeBRMIEevled Gt BedRdintohvithftht hention by a
objective which is otherwse required in  addjition to

metthel efptisainecordiglapd/er sadingovitlpe g¥sterd a8 Flgimegh clamm 3, wherein:

spherical. aberrati on corr.ecti .
- PHEE RS0 R SRR MR P GERIHATRAN Rl o fop s
on%f B YroP 5Bt of @GRked fongtHe MOUA0OBvEATLd coupling between the solid

. 'I'B2005/ 051744 6 due to mechani cal shock or
imtuersien keng ped dkfcor¢rdaysin be conpensated in this way.

_fFogal |en 1 I opti m si.n
T St A O
- afsesRdaldve Bahdwidthrsanio. lodp isiactivabased ooedacus dostrdlsignal derdved from

Ref. [8] f D i mi ' '
NEEAERERCI B ey
RO R Aoy g St i

e

optiftjab atodulated signahritie masangpbdowdandwiséh seaplsined gbpecal

el enent i.s present outsid
In ah em odlmen%l an osc%

lattﬂ)% 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.

In another embodiment the modulated signal is recorded as recorded data in
the optical data storage medium, e.g. in a lead-in area of the optical data storage medium.

In another embodiment the modulated signal is recorded as a wobbled track of
the optical data storage medium.

The optical objective should contain at least two adjustable optical elements.

For example, an objective lens comprising two elements which can be axially
displaced to adjust the focal length of the pair without substantially changing the air gap. The

air gap can then be adjusted by moving the objective as a whole, (Fig. 7). In general, a certain
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obj ective. 10 The second optical elenent may e.g. be
axially novable with respect to the first optica
wehersanili4 Al t ernati vely the second optical el eremiBlvas051244
a focal length which is electrically adjustable, e.g.
by el ectrowetting or electricaljy influencing the
orientation of Iliquid crystal material. The further
amobjtefispi@iabsenation vt sundim Incomedasrseortingmidaggn of the lens system
invention by a. 15.nethod of optical recordi LQf:
en PRYEAIAYST G710 natl%wflgﬁeststg% Pusiot ae‘i“%{e%ﬂeg"%m”%’,tﬁ'%ﬁg%g adlive
] b&thtBinShifleaed firddent foang aakuiey wilbhag to be
amgﬁhpﬁgéfﬁﬁfgﬁﬂéandmﬁdth serv% | oop based on a gap
takenr or signal, e.g. derived fromthe anmount of

evanesce oupl i ng between. t [ I r.Si 4
and the %9 E?y Féa‘%%ge 15 ﬁtelpﬁ S%ﬁ?l%gp h:%cr gﬁl e aea?rlg%?n%rg o the position

thedebotid GlichPE 8. & Nénsf in'thé coplete duab fens 3Buaton(Bigchnsismaller and
| ow bandwi dth servo | oop is active based a focus ..

at owiet buldvaitiyrthan Behe casq forthersolptien PRoREsCLHR SHTARSHR RatERt application

. ul at ed..si I LAt I . It fact, the

s el AR D BresP BEMfGH: Wit BB ERe Byfibaf PARTOML. In fa

lerS @846k supanded @0Mheiabtuatod &f such arvedyr thetvits axial nagsianria Buper-critically
nodul at ed signal. The nmeaning of | ow bandwidth is

damped-ai ned above. In an enbodi ment an oscillation is

superi rrp%? & k&?ﬁé&‘%ﬂ iMehtTRO notilatiBg sBRalSBS&PESNe from a known
optical elefment an erein the focus control signa
wodbH digrahdh by altemeevé erebbdimenhit mey comeiffanaknen pre-recorded data or,
~direction of the, second tical enept . I.n
in 415 4P AT DRETTORATEa T Braf! e e i 208k BFbven user data
GoRdedgdata in the optical data storage nmedium
Seéégekgnqéplead-in area of the optical data storage
medi um | n anot her enbodi nent the nodul ated signal is
recorded as a wobbled track of 30 the optical data
storage nedium The optical objective should contain
at | east ThHagn@diivs b hewdetexpRinedlie mrmeé detail Kith reference to the
exanpl e, an objective |ens conprising two el ements
dravwinghinceibiche axially displaced to adjust the focal ‘
l'ength ofp i Rt t Lﬁh’ﬁﬁ ARt bpticahRBGHaRE dvj&tive and
air gap. Ff#ggs g‘?rahg\gg Sgeglﬁat en {)e agj usl%hed by rmﬁ%i rlljg&
datoralé @iek resp. witheutwindiveith doveglayd®) . I n general , a o
certain WD 2005/104114 PCT/] B2 051244 7 .anmount. .of
spher i calFigBey F%tafﬂé R B W%ﬂ%&?}g{dloﬁﬁgéﬁﬁc%‘g@g g ,HJeCtlve and data
| ' f | &0s 1gvgt em en cover |ayer
G FUERSE Vi ond B RRS 30

meet the systemrequirenments, in . .
ot her cadguraGtshows that total infernal reflection occurs for NA>1 if the air gap 1s

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,

Figure 6 shows an example of a thickness profile of a spin-coated layer: a UV-
curable silicone hard coat,

Figures 7A, 7B and 7C show the principle of operation of a dual actuator in

case of varying disk-to-disk cover layer thickness,
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adj ustnent of spherical aberration will be required

and further neasures will have to be taken. 5 The key
wadvenage is that it is sinpler. The requiredPCT/IB2005/051244

adj ustment of the position the second opti cal

elenent, i.e. lens, in the conglete dual |ens actuator

(Fig. 7) is smaller and at |ower bandwidth than is

t he caseFigore § stmveod bibtlodiagrappokibd siatic Eorus senftolFastaprequired to

.application _simultaneously filed by present applicant
driy h‘?l?r@ﬂ@rﬂéﬁn‘@@i %ﬁ‘ﬂ%‘i‘latﬁHNLMO%l. In fact, the lens

may be SSRGS B8 REfisRSRI possibidiahbalimayt dffadual lens

its axial "motion is super-critically 10 danped. In a
act;mﬁefﬁtrmﬁatfmi&)odl ment the nodul ati on signal nmay cone

roma owWN bbl e. si gnal . | ' ' .

o R 05050 e RTINS e s vih s

to fhe,SIL iuBin?QﬁeeF us THREM @1 M8 ait papBkepv@mstaat sgiegihalGap Control
data on the lead-in track or even user data. See e.g.

(GEBf . 581 . I15 The | n;/enti on will now be explained in
nore det ai ' i -
}gug%f %r\xgshtﬁﬁtec{é‘f&ug QISP IEE%‘PQ P?Egngg %y'rHO\Vﬂlﬂg 13 laser

Fi gures f _ OW a nor ma optica
coﬂiﬁfaﬁérd?ﬁwwiglbr@pidtVcethanﬂjecﬂﬁe,dat a storage di sk resp.
wi t hout and with cover |ayer, Figures 2A and 2B, show a .
o B er ot s andtilaPEhetR Aucnabt
r j r ' ' :
fr Wghfa r(LJCH dterial
oo R R R LB R S ItBti et e o
adfuer thilfochl lehgthhuf the optgapsystem,tand wi de, 25 Figure 4

"ot sct el FGH SO e speareal PO ek i pp gpitchabl

opﬁEﬁe e RISt Beth @ntthe iRk leat hi@tHe®ILst at e of the
Irradiating beam and the sum of both, Figure 5 shows

that the thickness variation of the cover |ayer may be
| arger or smaller than the focal depth, 30 Figure 6
shows an exanple of a thickness profile of a

spi n- coalgeidsayLmnd aBWhorfiidl BblfRldopticabreofiiglotjeaive and data
Figures 7A, 7B and 7C show the pri n%i pl e of operation
stayhigeadisly Respovithonp eoves layenard with ¢aysrilagT aresibopd: di sk

cover | Ak %1gtshi& lﬁﬁﬁ 5B 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/
= Mnsr.. 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,
and the sum of both is shown. The perpendicular polarisation state is suitable as an air-gap
error signal for the near-field optical recording system.

Tn Fig. 5 is shown that the thickness variation of the cover layer may be larger

or smaller than the focal depth. By only controlling the free working distance or the width of
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WO 2005/ 104114 PCT/1B2005/ 051244 8 Figure 8 shows a

bl ock di agram of the static focus control system
woeosiwed4to drive the lens in the dual |ens BCTABI005/)51244

Figure 9 shows a cross section of a possible

enbodi nent of a dual lens actwator for near field. 5

Figure 10 shows that defocus can be obtai ned by noving
thetggegalpgetlma (tuyg)tﬂess eafreioh ofttiee ¢dver Bytr 4k shmyld be(rmenh) gmaller than the

ntro F he air gap is kept c nt .usi th

foc@a@p@oﬁfma/(m g eBarantes e 1t PR S S o < 4 see

R 0 B B B A eGP B L 938 we i

AFED Spiffcodted Yplerd SMEvaEL s tM@Rﬁ@ks thif means less than a
fsmn?H%qﬁﬁ P optical” el enent based on el ectrowettin

percEMof ditickriessivatiatiop sivel the edjirerdatecareampf g disgewhich deqlgs a challenging
B bl SR S P i
ﬁé ?éqﬁm&![‘ %e%iﬁctaﬁ&%b KeverRhiceds thicRmas tind lﬁss)ihaﬁ 6d nm th1ckness
the first lens and the SIL. 15 In _Fig ,%
vaﬂaltﬁmasawcﬁomtamm ng éland &sfy. 46l andd ¢ brisgsBbis é@?ﬁfiﬁé laﬁalce the
ﬂuldg gsrnqttgggn%g@rgd dthec eﬁﬁe oﬁhetlﬂﬂé('&ﬁlgg g{eﬁt%gi@éq{ol ngut"Mt tari‘adlus of

18 9RhinC @IsuaﬂEICtﬁfs%s[&i@ t®hjvest mh@magehedast @st, avithghe c@(f)ardaﬁr thlckness at
resp. without and with cover | ayer %r e sho
O

theeddges mugle highowibamin theinaidaledlrcBiF ee- S 2N e ggnt was used
to gdnat%iit %11113 V%XS{ Iél% the S[Slﬁ% s;’a %cuo%fpcﬁe disit P&dius.

e a| 25-40 nm (but at
| east | essFighdnn kRamplejof aapdl-cczatafdiay@r aWFV twrakle silisone hard coat is

- The thlckness of the cove e a
e RSN 137 T 60V e AL P SR Bt gt ey 0% of
theS@a‘%%{‘ﬁreBhat total internal reflection occurs for NA>1

air gapis 25 too wide. If the air is thin
enough, hEigyahessend 7Gabesririle of ppqr@thm@fg 90‘5) yod potgptgein case of

o VR AR Pt AR B R 498 o coain

co@%ﬁgyéﬁhl@ﬁ?&s& ke §tbRABe 14y8r RUNESdUS ahd dieedit gu’pels ket cohbant. In Fig 7B
Some waves renmin evanescent and th

foredrfoglridisk) thenoxerdayer thickmegs is4lifferenth 3ug t%wéia,fa sigragglayer is out of
focuost ﬁl Flgn?e nb1s PSfcotrrre]:gteﬁ %Jﬂe?ectthg %rét 16s ﬁﬁf)la&é@to regain focus on the

storage layer.

In Fig. 8 a block diagram of the static focus control system required to drive
the first lens in the dual lens actuator is shown. A gap actuator (GA) is used for control of the
air gap. This gap actuator is fitted with a smaller focus actuator (FA) that is used to offset the
focal position. The gap actuator is driven by a PID controller, using a normalised gap error
signal (GEN) as input. This normalised gap error signal is generated by a divider that divides
the gap error signal (GES) by the low frequency component of the Central Aperture (CA)
signal or a signal from a forward sense diode. A controller set point and air gap pull-in
procedure is fed into the controller by a central microprocessor (UProcl).

The position of the lens, i.e. the second optical element, with respect to the
SIL, i.e. the first optical element, is adjusted such that the CA signal modulation of a pre-
recorded data pattern or a wobble signal is largest. The CA signal is sampled by an Analogue
to Digital Converter (ADC) and then fed into a microprocessor (WProc2) which during an
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30 polarisation states parallel and perpendicular to

the polarisation state of the irradiati ng beam and
woheossiomief both is shown. The perpendi cul ar PCT/IB2005/051244

pol ari sation state is suitable as an air-gap error

signal for the near-field optic@l recording system In

Fig. 5 is shown that the thickness variation of the
initgalisetion plyse rumsya precddaregiorfindghe optampayfoeysf{fsehgignal @mtrlal and error:

oo S0 58 s Sl 3305 e i

betwden e’ le&aa‘hd thb SITt Bbrslene Sftel teiiitibiyatioh phixe, dimdg acceleration of the
ayer zlh should be (rruch) smal l er than the
fa33a o the offset

Ga;i ecmrumwxfa siguiel pPopaRtjonahtoghe Gep e teaial AF StEnahise
ol oL 0 o By B oot o

acttor: 1-45 we find that = 50 nm For spin-coated
'ayers of several m crons th| ckness this neans |ess
than a 5Tperesatrol ggnalhpree@d®dyari ati on over the
entire data SEEBarfe 1d d fr
" chal | engi “ﬁé\@gof%e glpg%%éaﬁ%er%F? ﬂesur pri %I nréorym%?a erived from
the?diR@ Al o e&@eh&nﬂ@ﬁ@hﬂ@ pethvecim8Ke aspiaver bgerdn Figy dragypical gap error
with the required specifications: Several mcrons
signpl (FEOISSRAYR | ess than 30 nm thi ckness vari ati on,
_ see for 1gpresielsoe 881 é'fﬂ)nﬂﬁiema_chﬂﬁlonde th of .
resul t |22($)gﬁ%r%@t)0?glg§?gcesﬁﬁe ¥ U|Voel was not P &
a lagiiinrti ek @netle disk whéchoemtaies ammetlh'@“dl ggnalsi nce there is
a hole), but at a radius 10 .18. 9 .om. I ]
| eads tolBF %’egf AT SREYE &}%Osﬁlégeuﬁl?l?o%m?%%? ﬁe&ﬁ al Bhactuator for
ne&oﬁﬁﬂléﬁ%gf t hi ckness at the edges nuch higher than
Inthe mddie. In this case, however, a thernal
gr adi ent Indsg. llQ@d optiealtdetaestarage systemetoyirecopdipg gnd(gr yeading, using a
prog¢ ct e ¢
raditgpn Beo i oo At 12,485 o I3t Tihadiaton
beginlib Mﬁ‘ed@{tg aCaflstdrage BH@WT.an Upeicalalaer stbragemedisny Spig system
flat over the outer 28 mm which represents already 80%
coofprisgs t he data area. In Figs. 7A, 7B and 7C the
LN r AUBLtrAEY, URNBE 2 cBv&aSRr Hat i
t@% ﬁ’r‘i‘%' %ogér 1? ggdlﬁé ggtlna\?grrﬁf aye%tr?@lt cknlg%gcl S s%gé\im e
tranBpdresg-to T foouised ridiatitn ttiam sail tchver leysr having adliglksgess h smaller than .
| ayer thickness, the storage layer is in focus and the
5 @iy e.§abHMs kept constant. In Fig 7B for another disk,
- Bh OoRESe [diabliché Eé’tﬁzﬂbﬁ h@ﬁﬂl tahemsbaical aperture NA,
%%%tﬁ&%ﬁ?éﬁglrﬁﬁlg outﬂ%f eZE) aogus g %C this |sp
sailtxsbjantvednc/lmhng atsbled frmetsiondens (iSiL)i‘ihgbﬁ adanied r baiggipgesent at a

f th I n Fi
TR AN A L
a&a'ﬁgeé b a{e éo%&Sl & sidreordbil optiealsiateitbial® ietiims hadMronwhich solid

act uat or ) is used for control of the
immersion lens the focused radiation beam is coupled by evanescent wave coupling into the

cover layer of the optical data storage medium during recording/reading. The thickness
variation A% of the cover layer over the whole medium is 30 nm which is smaller than 50
nm. The optical head comprises:

_ a first adjustable optical element: the solid immersion lens (SIL),

- means for axially moving the first optical element in order to keep the distance between
cover layer and solid immersion lens dynamically constant,

- a second adjustable optical element: lens,

- means, see coils in Fig. 9, for adjusting the second optical element in order to change, with
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air gap. This gap actuator is fitted with a smaller
focus actuator (FA) that is used to offset the 25
wéao@lopiasgi ti on. The gap actuator is driven byrPaT®BiDos/051244
controller, using a normalised gap error signal (GEN)
as input. This normalised gap efror signal is
generated by a divider that divides the gap error
a lsw paadwidEB)e mgiticmeof] tbﬂ‘/\fd%@}llﬂﬁﬁﬂ@&:@b@dé adiaiggn begm relative to an

ex%g{;r&%:,%lﬁ) ﬁeﬁ%)iladpg%émg%\legg %?cgﬁe tpe aértl %% (fathlckness of the

co@é}ﬁaﬁy }1§ Bell&y 5B rn?x?@ﬁwroﬁe ls&rvh @bp! 1@? uiree fmﬁé aielghgrwikiyh makes the
central m croprocesSor (pProcl) The 5_)03|t| on of

pradimatessnsacd ofghe ppidcad ebmfdveofpllowahe airfaee of theygoper layer and one static

respect.to.the .S [
oSt B Heirey s Risel Hfihofih BBt o BB Lo within the
fodl 8ept1’1 %Q%H@ﬂig fhatfacad Mgt f tBE o 1dwbbj|e€t1\m @eﬁdcus san be obtained by
est . CA signal is sanpled by AP giJ
m@l@ thaller@dwﬁeresmct {ontbe)SIh Heing Iﬁl@nFqCéla qo {8 &C% e air gap is kept
ropro S whi ch during an WO 2005/ 104114
copy 8%@ %EPBQ@% tialisation phase runs a
proc ed ur én Fig. il AelsHoven thpt defiooms Biso esn bé Dbtained ibymad ving the laser
trial and error: The focus position is changed such
collimatordansowith Aespeaiity the olectigpt ai ned. To keep t he
di stancey ??%Vi'?%rkv&l{& abIE Bt é@d‘i‘gleh‘ﬁﬁt lskd BH@%ﬂ%eﬁlﬁ%(EW) or liquid

the initik ion p ase, during accel eration of

cristdl (BC) tatepial, dhat icambé umddp adjustothe fodablenpth Qﬁabe mttqahmtem is
error . signal adde 0 the offset

U e B b ot b b ot BB oo il

abglt}gtlcgl ftmg"v}a | cal ly danped focus actuator. Two
control signals are required: The width of the air

can be ¢ dm tFlg)IlB ecswitchalje antieal elgmest asad od @FQCV@WC‘FIF% RF Equld
c ; h@épat? gfm (%P[esa% éthF ?&%{i ieﬁgt&gg{t@?&gt%cﬁ Liyéf'erﬁg is shf:»wn Here th
eldd&®)is lblﬁce%lr&Wee‘h tﬁ@l‘dﬂﬁ af@ l’:HefSIL Bllsgdiléé p()§§£b$é tocsamuhmeously :

derived fromthe nodul ati on dept a lead-in
compeusetofvr alserteingranst ehspbevica g@ﬂél@ﬁéﬂ RH&WAYsi gnal . I n

Fig. 9 a S]é:r%lgscﬁ ?Stgt #‘% o%ftlcgl rﬂ%ﬁﬁg tlgg Hﬁ@ﬁj hl@%ﬁé sé?lfle & those

dual len nea

dektrihed 3R Faro @ﬁ pataht E(ﬂ)pheat&h@lmqieansylslﬁ filefddry premt @pphgant with
and/or rea gk using a radiation beame.g. a | aser

refeaenee 6%4@ngt h k = 405 nmis shown. The
radi at ' on @qgﬂé Rl PrURe geé?lrﬁe:@lgi’?led1 Q&Iﬁcﬁ h&Y AD6reh@MBstor to adjust
of an optl ca ta storage nmedium Said system

the divpinics Batween the two lenses within the recorder objective. The lens assembly as a

whole fits within the CDM12 actuator. The dual lens actuator consists of two coils that are
wound in opposite directions, and two radially magnetised magnets. The coils are wound
around the objective lens holder and this holder is suspended in two leaf springs. A current
through the coils in combination with the stray field of the two magnets will result in a
vertical force that will move the first objective lens towards or away from the SIL. A near
field design may look like the drawing in Fig. 9. In this design a Ferro-fluid (a kind of
magnetic oil) between coils and magnets is used to dampen the motion of the first lens such
that resonances are fully surpressed, see Ref [9].

A first embodiment of an optical objective with variable focal position is
shown in Figs. 7 and 9, and it is repeated in Fig. 10. Alternative embodiments to change the

focal position of the system comprise, for example, adjustment of the laser collimator lens,



- the nmedium (cover |ayer, storage |ayer and

substrate), having a cover layerthat is 20 transparent
woaodshe4flocused radi ati on beam said cover | ayeCcThBaonFIes1244

a thickness h smaller than 5 m e.g. 3 m - an

optical head, including an objeztive (dual |ens

actuator) having a nunerical aperture NA, said | ]
seedtip €Ll oy @ sivitchabtti oyical eleineat Haserbors elosiravestting o liquigd paystal material,

seait B9GP A Ao ] "oTOT IR SUE RALCLE ace

: | diyredi um and 25 arranged on the cover |ayer side
Smg?taggdiugl}ggti cal data storage nmedium and from which
solid imrersion |lens the focused radiation beamis
coupl ed by evanescent wave coupling into the cover
| ayer of the optical data storage nedi um during
recordi ng/ readi ng. The thickness variation Ah of the
cover layer over the whole nediumis 30 Mi which is
smaller than 50 nm The optical head conprises: 30 -
a first adjustable optical elenent: the solid
i mersion lens (SIL), - neans for axially noving the
first optical elenent in order to keep the distance
between cover |ayer and solid inmersion |ens
dynam cally constant, - a second adjustable optica
el enent: lens, - means, see coils in Fig. 9, for
adj usting the second optical elenent in order to
change, with WO 2005/104114 PCT/1B2005/051244 11 a
| ow bandwi dth, the position of the focal point of the
focused radiation beamrelative to an exit surface of
the solid imersion | ens. Because the variation Onh of
t he thickness of the cover layer is below 50 urn only
one servo loop is required for the air gap, which
makes the proximte surface of the optical objective
follow the surface of the cover |ayer and one static 5
~optimsation loop is required for the focal |ength,
whi ch keeps the data layer to within the focal depth
by varying the focal |length of the optical objective.
Def ocus can be obtained by noving the lens with
respect to the SIL using the Focus Control (FC). The
air.gap is kept constant using the Gap Control (GC).
In Fig. 11 is shown that defocus al so can be obtai ned
by nmoving the laser 10 collimator lens with respect
to the objective. In Fig. 12 a switchable optica
el emrent based on el ectrowetting (EW or liquid
crystal (LC) material, that can be used to adjust the
focal length of the optical system is
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shown. It is also possible to sinultaneously
conpensate for a certain anount of spherica

waheosratiton in this way. 15 In Fig. 13 a sw t chabiiB2005/051244

optical elenent based on el ectrowetting or |iquid
crystal material can be used tp3adjust the foca
| ength of the optical systemis shown. Here the

Refkaeent i s pl aced between the lens and the SIL. It is

al so possible to sinmultaneously conpensate for a
certain amount of spherical aberration in this way.

Er]tl%ﬁ‘y'ﬁ ¥ dhdof ooy Qﬂ& , P8tatic Rbtet Rirsharaveritition offoptical near-
he sane  as those escri bed in Eurrépean pat ent
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| ook like the d In th w
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an@oﬁf?ﬁ&%&ﬁvé Bl R er laerdtdiikahedi end18)isteni?’, 8de 1h’taaena‘tiohsltpatent

| ens that resonances are full sur ressed see

Refapplédationphiblication AORH A% -2 (2092) Qpé éktive
' iable f t
B A ey O e o

entiadicaBAhS sichalciasgen i datafsfw@ge qymnm’ dns 61069.1863.
system conprise, for exanple, adj nent, o 234| asel o 1
£6) ¥ i tin, 8e) MeNallemaH i ouamn Bastaran e TEB BN £2s” Vathden Heuve

seq; Khg Soﬂntjereno ﬁn@CW\}é}gﬁﬁc dn, @RtZe?@Fléﬂl m@@%&@r(ﬁﬁg system

el ectrowe ' qui rystal material see Figs
12 veittth Blde Msdr a{m 0Réflens] Sist magmsie ool asd flga coyr layer”, 'OSA Topical
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[7] Piet Vromans, ODTC, Philips, see international patent application publication WO
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[8] Wim Koppers, Pierre Woerlee, Hubert Martens, Ronald van den Oetelaar and Jan
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Optimised on pre-recorded data”, (2002), see international patent application
publication WO 2004/086382-Al1.
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3. An optical data storage system as claimed in any one of claims 1 or 2, wherein
the optical head comprises:

- a first adjustable optical element corresponding to the solid immersion lens

- means for axially moving the first optical element in order to keep the distance between
cover layer and solid immersion lens dynamically constant,

- a second adjustable optical element,

- means for adjusting the second optical element in order to change, with a low bandwidth,
the position of the focal point of the focused radiation beam relative to an exit surface of the

solid immersion lens.
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14 CLAIMS: 1. An optical data storage systemfor
recordi ng and/or reading, using a radiation beam
woaavisngsia4wavel engt h k, focused onto a data st aCame2005/051244
| ayer of an optical data storage nedium said system
conprising: - the nedium havipg a cover |ayer that is
transparent to the focused radiation beam said 5
4. cover | aparophieaidaty siorapé systeas gs ¢laisred)in laimida fvhsreyy the second
an_optical head,. incl.uding an objective having a
OP?R%ITQI(%P@HT lsé’ﬁ‘?F’E‘théhq\ﬁE’Je%téﬁ%d obj ective including a
solid imersion lens that is adapted for being present
at a free working distance of snaller than ?J10 from
5. an out er Ansiptisalrdatacorege svstean Apelpimaddn ¢laim 3 AfeEep fhe second

th . i f ks tical dat t
op e leT L o B e ner & on' ens the 10

focused radi ati on beamis coupled by evanescent wave
coupling into the cover |ayer of t.i cgl

: the . op %?t L d
6. storage AwcIntinlclata sierage sy Ay flpwaRd inglaioR 4% &?‘F’?é‘ht e secon
l.n_that .t i ati
oty elsye b I FORER R FoePh W AP ISR | 1

2. An optical data storage systemas clainmed in claim

1, wherein Ah is_ snmaller than Zlg.n . 3. An ogt'cal4 5. wherein
7.data st of@ydtisgdatnstgage FESIGR 4s PRGN INSHY OFFf © Ffﬁf% T W

0, SEEalIBeadjustabide, e.g. b
thef {erc S d Jﬁ%lssatﬂa elgtq}g%{a iqg%qq%@n‘ggl?ﬁg%‘?@espo%ﬁi% to thge Y
clesbivettingmoe ckcuivallg nfluencing e drisntagien af liguidwyysia) material.

first optical elenent in order to keep the distance

bet ween cover layer and solid i mersion |ens

g. dynam calj yfRa%r3ptical reRrdifg ettlo@hdifg alihea 9ptenta claimed in
el ement, 25 - neans for adjusting the second opti cal

clameédysvhierdim or der to change, with a | ow bandw dth, the

- tﬁegg}hetf {zvgﬁglﬁ)gf gltépaflgg 1§ %lgtx ‘Tp({ istgtltr &%stélt%? ﬁﬁ%’lﬁg@gf@%@iéﬁﬂ s8fvo loop based
onl DFH 2 Bigh8Ns.g. Y20 Al Bk lakdoun€d! ¢BAEREANDLAUAE bedFeen the solid
immersion lens and the cover layer,

- the first optical element is actuated based on the first servo loop,

- a second, low bandwidth servo loop is active based on a focus control signal derived from
the modulation depth of a modulated signal recorded in the data storage layer,

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

optimal modulated signal.

9. A method as claimed in claim 8, 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 8, wherein the modulated signal is recorded as

recorded data in the optical data storage medium.

11. A method as claimed in claim 8, wherein the modulated signal is recorded in a

lead-in area of the optical data storage medium.



4. An optical data storage systemas clained in claim
3, wherein the second optical elenent is present in
woheosabgiaet i ve. 5. An optical data storage sysPEemIBE05/051244
claimed in claim3, wherein the second 5 optica
el ement is present outside theigbjective. 6. An
optical data storage systemas clainmed in clains 4 or
125, wher eiAnmethed secloimtd iopldiva, vdicesie the thedwated Figpal is recorded as a

novabl e w.th respe o the first optical elenent. 10
W"bblegﬁraﬁlf)%é’ﬁIOPH‘éﬁéi%éatS&ﬁI?i%eemgél‘?fnem as clained in any
one of clains 4 or 5, wherein the second optica
el enent has a focal length which is electrically
adjustable, e.g. by electrowetting or electrically
i nfluencing the orientation of liquid crystal
material. 8 A nethod of optical recordi ng and/ or
reading with a systemas clained in 15 claim 3,
wherein: - the free working distance is kept constant
by using a first, high bandwi dth servo | oop based on
a gap error signal, e.g. derived fromthe anount of
evanescent coupling between the solid inmersion |ens
and the cover layer, - the first optical elenent is
actuated based on the first servo |oop, 20 - a second,
| ow bandwi dth servo |l oop is active based on a focus
control signal derived from the nodul ation depth of a
nodul ated signal recorded in the data storage |ayer, -
the second optical elenent is adjusted based on the
second servo loop in order to retrieve an optinma
nodul ated signal. 25 9. A nethod as clained in claim
8, wherein an oscillation is superinposed on the
adj ustment of the second optical elenent and wherein
the focus control signal additionally is derived from
the oscillation direction of the second optica
element. 10. A nethod as clained in claim8, wherein
the nodul ated signal is recorded as 30 recorded data
in the optical data storage nedium 11. A nethod as
claimed in claim8, wherein the nodul ated signal is
recorded in a lead-in area of the optical data
storage nedium WD 2005/104114 PCT/|1B2005/ 051244 16
12. A nmethod as clained in claim@8, wherein the
nodul ated signal is recorded as a wobbled track of
the optical data storage medi um



