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Optical data storage systemfor recording and/or
readi ng and optical data storage nediumfor use in
weuaels/ 1syasem The invention relates to an opti caCTaB1085/051245
storage system for recording and/or reading, using a
radi ati on beam having a wavel ength |, focused onto a
data storage | ayer of an optical data storage nedi um
Opticdl datysttrege system fosirengrding apd/oreailingang ami??g dptasiprage medium for
storage | ayers where m> 2 and a cover layer that is
““FP&H@%%F&W¥ to the focused radiation bean¥ sai d cover
| ayer having a thickness hO and a refractive index no,
the data storage | ayers being separated by m 1 spacer
| ayers having respective thicknesses hj and refractive
indices n,-, whereinj =1,. .., ml, - an optica
head, with an objective having a nunerical aperture
NA, sai dTabjBehtioerelatss tuadhngtieal slata storagaeystimofor lresosding and/or
that is a@;gted for recordin
1

; .

reaglnk RS A ahinmgbegm having apa q%%fgta]g }“’2%‘7‘1?5:58 %P{Q:-Pegata storage layer of
. ¢ eai e

an QHAGH H?%tgteoﬁ‘y%ﬁf et sal@bysich Qbﬁhp}lﬁﬁ L arranged on the

_ sal d optical dafa storage nedi um
- tmnggdinmnhaﬁmgm dutd storaigertryessi witeré enz 2tand afcowerslayer that is transparent
radij ati [ '
to ‘qhﬁtflgg{s%(gpaél?ﬁ?%?ﬁeg@f %il(gl&évd ieﬁ avgrgﬁs fcl: D ndRy % £AURERAGive index
8 @48l G o G AR Bk ingd BpatReE inONsadér 189¢rs heliag espéddivethicknesses
nooptlcaF. §{Q%§¥ora&%%%ediun1suitgile f%% useﬁ%n guch a
h; aylatfractiva indipesosl wineeindrel.f.ormtlhe f ocussed spot size

- aor q tl Céa v{it SOl YLl 'r\]/e. 00Dt %%{erirc o [31%% R &ﬁeétﬁle including
’@@OPE 4 : , 8 & LT e Wavel ength rn
a sgléﬁ il\rgﬁl@rslﬁﬁleﬂéltlﬁﬁf 11|§ _‘é@éptlécgﬁfrtrwo@diﬁé/réddﬁlg gtagrdesvalkingrdistance of
= sing. In Fig. , an air-incjd
smeberf thepu /a0 T P ovfe SaRSt B4R Of AT ReaEn A0 erpugsd andfgpover layer
.dsat..th r d :
sl o 5] A PR R o bn the ocscd
radif¥ bdayie lcouplbi by efansdeny wavaciespling jto tlecepsicahstordge medium
storage_ | ayer froma.o. scratches and dust. Fromthese
dufmgmcesdmg/_rqaémgnf erred that the optical resolution is
unc hangeq“h'efin\%nﬁ&){ BlrtHeRYetited B APticEIdIa@NstbAPe fedfun€suitable for use -
data storage layer: On the one hand, in the cover
in buched systehe

A typical measure for the focussed spot size or optical resolution in optical
recording systems is given by w = A/(2NA), where A is the wavelength in air and the
numerical aperture of the lens is defined as NA = sin6. In Fig. 1A, an air-incident
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 »
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 6”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 . 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
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internal opening angle 0'is snmaller and hence the

internal nunerical aperture NA" is reduced, but also
woheoswaviasength in the nmedium/1/ is shorter byCcrhB2005/051245

same factor no. It is desirable to have a high optica

resol uti on because the higher the optical resolution,

the nore data can be stored on the sane area of the

resrelufiominvstvearigening of tharfocussadisam afeningoanglesdt il gaseof lens

CB@%{ @péﬁ‘%ﬁ%@%gﬁ b@vvl?lte\lélgsk\éﬂé SI?l Igp&l of. Bpl%d{uﬁfolﬂ Sf%ﬁie in-air

waedlérpth € cBhnghg haedol@ur O g st:aﬂﬂmgms@ ns, et C. or
reduction of the in-air wavel ength i.e. changlng

col our of Anetbersprapesied gnqthoseef redwﬂ&@ﬁ Tpusprokat Fes woaal optical disk
sy%{en{ ﬁl@gﬁﬂeQ% tlﬂg OE g%‘lﬁ?ﬁl‘ﬂngﬁfynslﬁ f@l]ﬂ)n Iis ﬁﬁﬁﬂ%ﬁforﬂl' 8¢ SIL is a half

em I nvolves the use o [’MTer'si o
s;ﬂl&‘el.c)entrbdl on tie dutgibeagt 1dyer, see Fige2 &) do that the iadufsegipet i on the

injqee gg@%?%t@?ﬁgg@d%tﬁ et 38 Grmpifatipn B by el e
re?ﬂ%gm%aﬁlae)l FYEL cﬁf[ﬁk B3 QﬂtﬁMXt Qe Qe&%ﬂ %E?. sﬁl}(e% Wﬁfch is placed on

€ sane re rac

the @0 0& 1hyeRivith 1@9{&11&&@} de@itie aéalﬁl phipbdoe thetstarhge Eycﬂ, sz{ed?:ig 2B. The
on .t he cover er wth its (virtual) cen

plpmca[@;lg aQf gpprgtp@ g the S 19 thytdt reduess the gavﬁ@gﬂ[}—ﬁ‘bt%g storage layer by a
fate \%Iéi ?ere?lfa{:ﬁp {nﬁ{e:h 8f‘th8fSI]E I’Wlt yer%ﬁmf a@% QHI?S@% 0. The reason

e Storage

1sttHa?; réiﬁzfdtﬁﬁfolf‘lfighﬂ adiexSof istabeenSiihce all Lifiatehteehatighngngléseto the SIL’s
The reason is. that refracti on

sqo agg,,ltcr(])gtpaa? gsﬂﬁ apd Figh 28nd'he pidth of fhe 11 gap is éml%q?]g/ 23¢40 nm (but at
leéétngg él%%gifﬁ}%rﬁf 811(?'% rﬁtt vl IsEAE ernCAITRAES oE' ltlgz co'v@t ﬁ?& typically is.

air gap is typicall
stBIathrombﬁteaslsohelsdraWhamsc‘hm nm, and is not dravvn

to scale._The thickness of the co | Lypi .
o Sever AV EOHEN e Rog meptcredanp sl S bt B Rt bre is a very
thHEAY ﬁh}{"@@&/‘éé‘ﬂ‘ 1 re@&ﬁlr{’%rﬁédl%e@hﬂ Rs tYlicw tRifee R&hidn of the

st there is a very inair ga;;@betvveen SIL and
recexclorgdisigwith despert tohhesrecerdenotiedtive (feos plus SELY. dhistaingep should be

B B S S L e PGSy s G R gy such o
502 @ﬁieh%"vaﬁé@@éﬁt %‘upﬁ ?' JT@he N\%l\f% #R®Ih to therdigiddddvbdck into the SIL is still

shoul d be snal such that so-call ed _ _
pc@sﬂ)iﬁe gbe mangccmrpt wh@hdhls ﬂnhla)elns @I‘ﬂallﬁdl thetneasfieldi regimee Outside this
back into i

iyl e Minaaet Ol e sel@ Ph Wil RRE fufjuldipe sty and send i
bdRGIpTB thdMbegi d eWak}é§bdl@&@ |t1i330r1tﬂ:bl Al Q& th@BIL @24ifintdrRicd] propagate
internal reflection will trap the light inside the SIL

thaeughdbe ajir igap without decay, whereas those above the critical angle become evanescent
in the air gap and show exponential decay with the gap width. At the critical angle N4 = 1.
For a large gap width all light above the critical angle reflects from the proximate surface of
the SIL by total internal reflection (TIR), see Fig. 3A and 3B. Here, NA is the numerical
aperture of the lens without the SIL being present. In both these lens designs, 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’.

For a wavelength of 405 nm, as is the standard for Blu-Ray optical disk (BD),

the maximum air-gap is approximately 40 nm, which is a very small free working distance
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back up to the |aser. Waves below the critical angle
at the SIL to air interface, propagate through the air
wqgamswosinsut decay, whereas those above the crPCTaBi005/051245
angl e becone evanescent in the air gap and show
exponential decay with the gap smdth. At the critical
angle NA = 1. For a large gap wdth all |ight above
(FWWHR) asr dobipaedd tamgheentiehdleptisalfrecomding Tl moar-igldeais garf batween data

f the SIL.by total | | ecti .
tayer ghd e Sl e e foth B e KPPt "iip  huorfpss
(pfe'i?&atblg RendhritRAtHin D en & lesd) @h BlePfEsE Biifficlentlh 8tabld dvasescent

ens designs, total internal reflection occurs for

cotyplittg. i1 hartdeliski neceyding 8 skides-bapadesolytfontrplying on gpgssive air bearing is

t hi h h ' )
A L BEALREF S g R s o
beasmbabldNabe thbative,fthé he ¢fef luBtéany & limidekarelf the bentamination level of

transparent disk is smaller than the nunerical _ )
theydisk dgheeger. e’ actiig, actugtor-bassdksolpipado cenEq! thevin gae wilhpe required. To

¢ ; .
R S GRS OB AR 6 lil srenc
reflectedbynhaioptice pné dbura pPuchoa sigad byn dfoami, ankdiactiypicsl gap error signal is
very small free working distance(FWD) as conpared to
giveidiigi‘onal optical recording. The near- field air

gap bet b id @aiﬁﬁloﬁgﬁacftihsiﬂ&sé in%e{f[‘ﬁélé is@lp id 908 to define the

(SI'L) shou d be kept constant wthin nmor |ess
nufpperiehleapetthne asdVi$ Eant; sin@, hihichZan e dargérethan 1i(A io thbeangteoof the
get sufficient I% stabl e evanescent coupli
&

L ng, In har
merginel rydltapea) the openiag pogladed HomdNén= rf&gﬂ/ N rigm%iae gle cover layer.
passi ve [ [ ' int.ai .
arr gap. 1ot SERE B P RtohR R B, S Befee over s
fafENID TR MeSicabfield eTiara ks jastf ancsvahdseerd cbwglingt dfevavee frofn the SIL to the
lubricant is limted and the_ contan nation | ev

\ | of
coppielayergembined yiffes largnnumernicab aperure Hetde . theevgr Byend B

apgpo G faBle P fhidybe %g{ﬁ‘%&l ktoPfe VRN bECCorRarkt BvEniB&ht Coupling

ap error sign e extracted, preferably from
Optival Spirages) ordzZEGOS| ke af tremubar-fiefd epticaldrebyrdinigethe data can be
optic medi ym Such a signal can he found nd.a. .. .
repiFnic] DA BTbF SRSt el Soppie odhatR e tordtRESrodgjensity but
aldd ditet15 HARACRIBE hinbfnt I G ARBocht BOBIng et étnIhd-dats carrying disk
used to define the numerical aperture as NA = SIL sin
ang, thevbbjedtivealn dase PEECEEOS; thism evianggpeniscouphing isdiept affa eamatant value, and

o o RENER o B2 s BB 5} o ommon o

thé P@éseﬂtmemm@eﬁpmptm day sfordgs. used, that the data
st or age Ia¥gr isin
InFig. 4 we show a measurement (taken from Ref. [1]) of the amounts of

reflected light for both the parallel and perpendicular polarisation states with respect to the
linearly polarised collimated input beam from a flat and transparent optical surface (“disk’)
with a refractive index of 1.48. The perpendicular polarisation state is suitable as an air-gap
error signal for the near-field optical recording system. These measurements are in good
agreement with theory. The evanescent coupling becomes perceptible below 200 nm, the
light vanishes in to the “disk”, and the total reflection drops almost linearly to a minimum at
contact. This linear signal may be used as an error signal for a closed loop servo system of
the air gap. The oscillations in the horizontal polarisation are caused by the reduction of the

number of fringes within NA = I with decreasing gap thickness.
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fact NOT in the near field. There is just an
evanescent coupling of waves fromthe SIL to the cover
woOaywriociasbi ned with a | arge numerical apert ur eCTABI00&051245
the cover layer. A nore appropriate name for this type
of optical storage woul d be "Cospstant Evanescent
Coupling Optical Storage", or CECOS. In case of true
near - f i elMoepietaila Iabmé@ctmmaiga,eat -fieldcptigalahigk $ystem can be found in Ref.
epresented by a surface structure which not only
dul ates the total reflected intensity but al so

di rectly Hopbbti€i 6RSrdeh 8bRBBHA! eifter SNRRDASRINr actiafribaged, having a
bet ween the data carrying di sk and the obj ective. In

SWMMe tyipicellplexn @méiﬂtummmtamgam@ ¢<fetb@ opicah surface
const val ue, .and the res

CIGERHP EiRcoigre Fied@l Qi f Hias i o RO RAgHdgry s and other

mé&@ﬁﬁ% imARERRIY AerlinNeisRIeSBa frbRCRP k@RS nidigRbebake of the high
ata storage.” In Fig. 4 we show a neasurenent (taken

suf)faoarr]meﬁﬁkranﬁm; typoally 20 drbardvagreto Opfitad (MED TE¢Qy ingfagd 650 °C for
oth the all e], and er ndi ¢ I ti

ST T TR T TR E T —
foP%h'tlhgﬂ‘él &dn) d’f%%n E%@ﬁ'igfda%rﬁ'&nf theda@necdrfiaB $HRE eMHe contamination

surface a refractive index of
ulﬂma,@ly r‘Elsndtsperrmifmemag obtbb aptiea datrsteraga wstem dug togppaway of, for

air- for th fi

e o 5 BB, Sl BB 45 a8 G JpBbSR s a0
deS8@HIRANE Me PHtdrd appIRAfiVns abldatndEs&LMROYBI-[3]g becones

perceptl bl'e bel ow 200 nm the |ight vanishes in tqg the

"di sk, arh¢ nrh@emdxea@mp%mp@oiew@rﬁ o thp dollawing casepriigh hymldlty,

hlgps%aaer apon'f fy: fg tlgﬁr}gﬁgﬁttw]gtT%T%el t&%@%lﬁ%g%g?g%v?%ergglsconductwny of
th@ktotdpe rﬂédiurﬁ,&inalﬁh@rl@ig:dhlsﬂaﬁttd anshiginsitrfiee homperatoteal

pol ari sation are caused_by the redu tlcﬁn of the nu

of fringeknpyhselungn to the prabiery dvtoshisidi e pagyimal optlcanurface of
tht I‘EC‘BM&F 5@1’;&32{2\%‘3&6{%%% bata Pagrgf‘% Qtﬁe‘ﬁﬂhﬁ% nsﬁ‘ﬁﬁﬁg f:d)\?‘elr thyer on the storage

thca system can ound
memnchIn ineantionl based minabisiinsdght iefar heamp]lmgd%ﬂn ih &@é c[4br

act uat or - based, havin wor Ki di st.

B | P udte e re it PR e mhftuftn SR Gover layer has the
addRionGPddvaraEaaat &kpﬁlﬁ%kratt&leﬁ Bsh 84 PhasedifREy WhRa64he data layer.

This is due to re-condensati on of water and ot her

Homeerj byl utfingre doveer &iygr ento@rnear-figldsoptiealsysien, newspratiems arise,

t orage nedi u
wERIAHTp P MR R R eb, St g Bhaf o 6 v o pyprbed in
Edrpdndatat appslice@éh Snfulthneously filed by present applicant with reference number
PHNL040460 and PHNL040461, and lead to an important further insight, which is the

[2

subject of this invention disclosure: the feasibility of multi-layer near-field recording.

Some advantages of a thin and ultra-flat cover layer are discussed hereafter.
With respect to disk tilt, the introduction of a cover layer may cause an aberration known as
“coma”. This is a first reason why any cover layer should have a limited thickness, but it is
not of our main concern here.

Normally, 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 case a cover layer is used, the air gap is located between cover layer
and SIL, see Fig. 2B. Again, the air gap should be kept constant to within 5 nm. Clearly, the

SIL focal length should have an offset to compensate for the cover layer thickness, such as to
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Phase Change (PC) recording, resulting fromthe high

| aser power and tenperature required for witing data
wongosandsleven readi ng data from the data recor BCHEB2005/051245

| ayer. The contam nation ultinmately results in

mal functioning of the optical data storage system due

to runaway of, for exanple, the servo control signals
gumfanteh ¢hdt dmxiat:amyelt is aic Kicog) atsqlhiumns Niite ﬁlaptt@bb@mtws igdeg. of the cover

2 Dbl R SRPL BT R BE A s

nuhféﬁc£1 LW tsa§REm.hi gh hunidity, high |aser power,
l'ow optical refléctivity of the storage nedium | ow

thermal dondlecto obteip sofficiens ﬂsema]alg@laﬁem therfliekpetgiq cover layer

o4 5 B0 P ) EEREELTS A 21
ungpl:dk%fi‘lto Hief BGEnfdhnd S ;ﬁ&)%%ﬁ §Qﬁé Gdth b€ Mefmépf&ﬂy, the thickness

y at ermal y insulating cover |ayer on
vahﬁt@orﬁéﬂh&@@vdf&@eu . should be fémhch;)n;nbﬁl%eﬂlan tthe foical depthi gyfvt nA/(2NA)
is for exanple given in Ref, ,Pravi,din

(wasial foshicppinsee gt dfnu(m WA -GeNR jporder to

hast tional. adyant a
VRt R BV PLISER §anr s e oE e dals B iRlength 2 =
40'3'91‘1’@ ﬁt{ nuldidy bbdrRge R’ACQY %rwé M@ thaPAF Q 80 ﬂﬂ?qfor fs;!tnﬁlc@ated layers of
optical system new problienms arise, which |ead to new

sevm'alsmromﬂthlchmes’s Hiefs. ofﬂnmrden‘ oft thpsreentef thicknssseaviative ever the

eniﬂrtzli g‘}%g gl’g g}eagkfo %Z)&%U{}g%?gtg l i})%ae{cglgﬁ%{:y Vﬁlcpﬁever it has appeared to
berp%fs SHRE Skl DAL coRtIUBAERMH h andre RN DR 48ikatidRASERAM microns

to an inportant further insight, which is the subject
thivkneskasd lasw&mnusomrmrmdm@wa@atwm@eer &xsxppletKigof and Refs. [9] and

R B PSSt B B AB Shtly Bv of e

dabtesr8a IR resyl Isﬁeﬁlﬁﬂ@ﬁlétsﬂc@ tld Alidtwdstnot bi@ininéred dhitheicentire of the
of a cqver | ayer cause an aberration known _as

dlslﬁ(@me therhiss h(de)ablﬂi 3ft§tfa¢1§%§f)hg oy spatly s 1qa§§/té>ra very
R S Wil o W S

middteneethidaise, Homeser, anltrinhbgradiehdwasmmsed $6 ame Ithmﬂm(i@ltﬂg))sny during.
shoul d be kept constétg V\kt%{}n 5 nmor less in order
the spig Procssi 3s; Aiupptiqn ofdhe, dis Yhescent coupling. In

case a CQWfén Jchﬁﬁaﬂ{;f 1dyersUsBfth Habe 1At 8RP of Snll AGRHcEEN of a micron,

bet ween cover
can be made by, for example sputtering or sol-gel techniques of inorganic compounds. The

—

use of inorganic compounds for thicker layers, in the range of 1-3 microns or more, is
impractical from the processing and cost point of view. Also stress build-up in such layers be
will likely to cause disk bending.

Overall, it may be concluded that:
- A cover layer is needed against contamination and scratches.
- A cover layer thicker than 1 pm is needed for thermal insulation in case of a near field
optical recording, in particular phase change, system.
- The refractive index value of the cover must be greater than the NA value.
- Sputtered (inorganic) materials can have a very high refractive index, but sputtered cover
layers thicker than 1 wm are not possible on optical disks, mainly due to processing time and

disk bending as a result of stress.
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and SIL, see Fig. 2B. Again, the air gap should be
kept constant to within 5 nm Cearly, the SIL focal
woOenmgtin4bhoul d have an of fset to conpensate foPCThB2005/051245
cover |ayer thickness, such as toguarantee that the
data layer is in focus at all tgnes. Note that the
refractive index of the cover layer, if it is |ower
- It spdsdible to gfinaoat podymetexeoihydrh éhiSier thapel gmnyut pelyiives possess

maxi mum possi bl e nuneri cal  aper re of
oot egb4a s BYIPT EHOGHRPIS ROPHA 196 Bite I T A b about L6
di el ectrigg, %9\6851%{13-\1%;665?{1 BpRape e\ dath IQferMe%aﬁM@hed between

appr oxi mat e preferably is of the order
spader Paydf3. These 'Epdmien layerydtalve manj ipsopesassn t:hmmomwlth the cover layer.

k{l;q?{;ltgg(r?{l o tqllqlgq ﬁ\évl 6’%1’3]9' a{bﬂgthtgg gapeﬁgg 8? ﬂﬁ;spg%ea Eery&rsb gnd the cover
lagieT s se?{z@l ds@h 1ﬁt?@dhc¥19§ td @6 Maisl ﬁﬁiéhts“\f - nl/(2NA2)

(the actual focal depth inside a nediumis
I /4] [ n-( rNZ)W\mﬂtl—myer optlda( mgtpreygeumd]@p@é@d A8 t@qjmﬂe@@ty of data
pey aytﬁlétn{] ay(eﬁ 8p’9\%\i gPtéﬁbo(r:hge syEtems X@@ ’H@i;}geﬁ Fme> r}é)?fer proximately m

tirAREhSM SRR capdeify then h ki @letlh?é r shbtem @E-1) nExaE(Mes of such systems are
spi n-coated |ayers of several mcrons thickness this

th¢ duajflayteh émﬁzhwsms of the Digital Viersatile 12isp €YD apd Blv Bﬁy Disc (BD)

over ent | ' .
sy S b firoR gy B R P s O B o LR SHREP|ofer which has
a RR%BER o flapprkaatslyi 43 wived8dn bayar DWVDtahd bii 85 meicrohs Bxcase of BD.
eci fications: Several m.crons ness and |
Ingfhed> 80 CKAMRIATCRiNER Gt 4 dRaldaves Hearsth&ég Pavcaiﬁ o dgta lgyer closest
er is very flat
tosﬂveg?ﬁﬁégplcwm al&r#ﬂv\%}s ﬁ}}étgér&g %ﬂﬁtﬁ%’ al ready 80% of
t he dat a Threeptinlin distagse1bff separatiemhbkevzies thd dase layhws is determined
lil s not, adnm nistered in the centre of the disk
bY(?§ SSLIMREHENRs o hole), but at a radius of 18.9 mm
1. tﬁﬂé %éu)é sthirSed S¥aHS 4R la’%/ei'ées'hﬁul'clrﬂé%@?ﬁﬁﬂh Re Sg@arzﬁxﬁ&d for large A):
e

h the cover-layer thickness at ges nuch
h| gher Ahan in the middle. In this case, however, a

er n\frr—g@a ent was used to tune the fluid vi scosity
dﬂf’ th ,)I n process as a function of the disk
C%‘ﬂbféﬁt ?rM‘aotlalkt BHREE] 1o} &Y Eibferfedhce B ﬂl@i&@nﬁtﬁhlqjéﬂ&ﬁﬁ)ﬁ§ ofRthe detector)

onI raction of a mcron, can be nmade by,
caamrmh@dumwnt efithe§Faignsbivith aioduhd:lhnldqmésn Jhig ﬁ&cg shoudd be

TEREEIEE o 0, 3 B TS5 SRR A0 s i
1n&ﬂ39§1§g:£|'b&aalusé fHRMnidhRt QF B4R FDh e dRkr EARE -tAObAS which is not being

so stress build-up in such layers be
read- on the detector decreases with increasing k). If Ry, . is the effective reflectivity of the

m™ layer and all light is collected by the detector, the modulation depth is approximately
given by (see Ref. [6]):

2 R,
ﬂ'h[n—\/n — NA? J 0.¢ff

3. Incoherent cross talk from channel code on out-of-focus layer should be sufficiently small.

This is the extra noise resulting from the varying data pattern in the, out-of-focus, spot on the
other layer. Incoherent noise is inversely proportional to the spot size and hence decreases
with increasing %, because more data on the other layer is averaged due to the larger

illuminated area for larger 4.
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will likely to cause di sk bending. Overall, it may be
concluded that: - A cover |layer is needed agai nst
woanmisan#nat i on and scratches. - A cover |ayer POTaBR®n5/051245
than 1 mMmmis needed for thermal insulation in case of
a near field optical recording,7in particular phase
change, system - The refractive index value of the
4. (Sphaucaimﬂsdrrahen gnett the diffexenttdepthNg thalayers shodg bre tkepteifficiently

sl A ERHCeh B SR PLereset Feun el Doty G ffhéreases with
inSessifoh, MA%HIs BLE aﬁﬁlpﬁ&tlhﬁiﬁ'to gi sks, mainly due to

processing time and di sk bending as a result of
stress. - Clearlys tmwb kxteria pupthe-Spacsr layer thiskinessoyidlzin bounds.

|r :%/(ra\ra it It C er aﬁ% & ﬁ%ru‘%ﬁ%@gﬁ f‘q]{S]?ét%ﬁézft L%E ﬁf multi-layer

neht- ﬁbfdsopttlbﬁ r%r&lﬁg aROBéenIméntiondd oa&eiodhllyid the litadytare Ref. [7] (multi-
optical storage, the data |ayers are sandw ched

lami &mb&efsb‘ﬁc(émahlw@rs These spacer |ayers have nany

properti %E?A‘J.)\U c%mnse)%ttﬂhtﬁl?ﬂ%wcs%%ﬁ{lﬁlje can B &leted for near-field
i nvention disclosure i's nmainly abo properties
optidsl Gppgefagt.ayers, and the cover |ayer issue serves as

an introduction to the main insjghts. Now nulti-I|ayer

opti cal meg{lﬁﬁa‘@@ab@eﬁo%lﬂg%‘ie at'At the sane density

’fﬁe &ﬁﬁ@m@qﬁ )ﬁéﬂe of e %#@Icgelal\éfs%rer s E(—:a%reé’t%t fhaf U RA8&alue.

tens Wlt ayers pproximately mtines
Spmtieredt(moamla) am«znalg/canﬂmve a vsihyngigh r¢f&3cawe sydekgomt sputtered spacer

ot SRR e 2 B S 8 b i

@h Mo?&&%sér?@iméﬁﬁ& 1%k behdling aﬁﬁeesﬁu%tfsﬁ@sst he data
ayers are separated by a so-called spacer |ayer which

- Thisspaasibleito Lspumahpqiffmalpmagm lnyere Dﬁlthn Bighi icknessi bt pakyaners possess

crons AR
log e rt <oy B 59156 Piedls SBReRoufEh pifhy aghva BB 1.6
Of Wil R0blehVT sPRdrital Mpfatich.osest to the optical pi ckup
unit, called Lo, is partly transparent. The opti

di st ance @nsislepacoryeseing beamhek HE lélatsamil%yférb@ HeEfeCﬂY focussed in
ng?c ﬂhgs Pﬁ%’lﬁi&t% ? Ih%l’brea Bﬁg'bggl (il l;&ethg g&dﬁ§ along the optical

veS 0 ayers S ara
ax{oaryiattbéed afdeftallnaﬁmmnh of spherical aberration.

Blu-ray Disc (BD) is a far-field (FF) optical recording standard using blue

e

light with a wavelength of 405 nm and a numerical aperture N4 = 0.85. Spherical aberration
for BD is 10 mA/um optical path difference (OPD) root mean square (RMS). For dual-layer
Blu-ray Disc the spacer layer thickness is 25 m, hence the total amount of spherical
aberration acquired by going from one data storage layers to the other is 250 mA.
Compensation of any particular aberration is necessary in case it exceeds approximately +20
mA so that the total aberration of the recording system stays well below 71 mA, the amount
beyond which the optics can no longer be considered diffraction limited and the focus starts
to get blurry.

A known rule of thumb (from paraxial aberration theory) is that the amount of
spherical aberration scales proportional with layer thickness and with the N4 to the power of
four. In the case of blue near-field (NF) optical recording, with N4 = 1.6, one might expect

(1.6/0.85)* = 12.6 times more spherical aberration than for Blu-ray Disc, which seems too
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2. Coherent cross talk between layers (interference of
their nmutual reflections on the detector) causes a
waonodsliatiien of the RF signal w th nodul ati on deprhBx65/051245
This effect should be sufficiently low to ensure that
the "eye pattern” is sliced at 8 constant |evel
(decreases with increasing hbecause the anmount of
laltgie gdn torfread fort the sahd spacblalm thickmese 0€2Hhine fin fast, rsmlingeri/itigNA is more

t he det ect th
coppbased e HEE I s o 7 6F TG rRPish SPRE (55 GF eipigple Ret.
[1@2' In Flg N, thSpopht s%ﬁfu?éjls %Yvetnhﬁ AR bHE %&éﬂrthattf&tefa]m)iﬁ!ﬁ Sfstedt the cover-

“appr oxi mately given by (see Ref.
layanaoﬁ\mtn'nmmgs of litdle knﬁlueom tohtha mpherisabizbepmtion. The spherical aberration

0 S d be sufficiently small. This
v ‘?ﬁ"ﬁb‘%@ﬁa B%@ (ﬁ%ag ‘ting fromthe varying data
pattern ipbriphgsi-18ék nedr-fid€ beordiR®lth®hrédRadipiehlemd¥Ehe solved
I ncoherent noise’is inversely proportlonal to the spot
reltezte: and hence decreases with increasing h, because
t he yer i s averaged due to the
ﬁrgﬁ’gg%]g%eﬁﬁﬁ%c%g Sé%ra efa “For lar ger h.4. Spheri cal

- GVBRAIr bk bipfiofl UL tHeQ idéﬁ aﬁd Edver Biybrsditiettt tiedfir Hifle rdfgydvsindex
shoul d be kept sufficiently smal|l to ensure
- awhmqaé@bqraﬁmnudﬁﬁ tedifferpnt pwcabflentheOf epsh of thsspaces kaysst h
| ayers. It increases with increasing h, and this puts
an upper limt to h. Cearly, the above criteria put
the spacer | ayer thickness wi thin bounds. For further

readi ng see for exappl e Ref 6] . te that, fhe ide
“of mul £ Cisperbieear efni“@na%bﬁr@é{m@e&aﬂaw% oy siQragg wystem of the
ht o
ty]?@ﬂlltei &r%g ylgr ﬂ% edai/a Hlewhich‘?glgfl%?g @atggéccgl\rlcvfl Iéancdarread out is
acb@vsceesmg haeamﬁwié\aplatmaglomd@mﬁ is afurtieer ekjskidiotpeeviflean optical
z%r- field ot cal a storage. Furthernore, it. nmay

%ﬁ%ﬂ?&%ﬂ é’lsemsuf dSY¥Mactive i ndex val ue of the

S pac er | aps frstdtéct Bs BleAdkRievéBcthidaitd widh tHR-invention by an
Sputtered (inorganic) materials can have a very high

optieflrdata storagp Avism, which sytharastesiged puthet anyagperod byjstlarger than
t hi ckne e order of a mcron or nore are not
possnbbl owNﬂfl cal disks, mainly due to processing

,t,,gmrre—antlm—zsk“bendl ng as a result of stress.

and NA < n; and NA <ng and b > 10, preferably b >15,

[0 ¢

and the sum of all h; is smaller than

_—Mnf [ - NA

P 8rnk

where n and k respectively are the mean real and imaginary parts of the refractive indexes of

all spacer layers, weighed with the thickness of each spacer layer

m-=1 m-1

Zn,-h Z k;h,

n=-< and k=

m=1 m=1

2, 2,

Jj

where k; is the imaginary part of the refractive index n; of the spacer layer and f'is the
demanded double pass transmission of the marginal ray of the focused radiation beam.
The insight is that spacer layers are required that are both thin and flat to make

multi-layer near-field recording feasible. Further, we have the insight that such layers can be
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- It is possible to spin-coat polyner spacer |ayers of
the right thickness but polynmers possess | ower
woebosaotiltye i ndex than sone inorgani c nmateri al BCWaBWNS/051245
limts the NA to about 1.6. On the probl em of
spherical aberration: Consider @ convergi ng beam of
light which is nade to be perfectly focussed in air.
méde, hopltheyecapdreanads, whbtthere pseqse propertipeangcand what nggt¢rials could be

st tshg e B e Gt i b Pk PRk 1y o e optical
reBbrdinpaystbinsC (BD) is a far-field (FF) optical

recording standard using blue light with a wavel ength_.
of 405 nrdvEnEeameneEstiie Ahichybe effed ofjsokergntgsoss talk in multi layer

. . . ' o '
oIS SBT3 At s
thd MAYD laay BD Gitical Ryoldinkcstirtard pleceptichbdera stotrge kayessare svell separated

25 _mm hence the total apount of spherical aberratjon
bise q@{&e 8pasgr e @ Ver Bifdharey dhis spacst yer 1 alyépgcefsanlm\éﬁry flat

cog%%r%d éoﬁh@ézgva!:%gtﬁem%ﬁés%f b 185cAthe BRKL | cul ar

ration I's necessary In case It exceeds
appr oxi neftel new2ihsight sdahdthaecdidareginicadxisth frveticlothe effect of coherent

the recordin stem stays . well below 7 1 nml, the .
cratfalkiis BEPEECAt ROPR BN Ot SPAGFT Bfegup it required flamess
mEGDSdHE R acﬂAlfaf'tE@&fEdféTéhgltﬂ Ph&d 1808 4rBQufrRednly StiaRt $f the numerical
get Dblurry. known rule of thurb (from paraxi al

apeiereriaidrge thdvawmses)s 4 eonsequenccef therineaheroft erpssgplikdidm other data

sUAgE [ 1% 10 R SR ol o Bcptdffers, & <R eSS omerical
apettiRs ARAthe fnladh feabdor Q@fhg @34r-ficl@ ot difig, hnbd fiNAng tHinBpacer layers
one m ght expect (1.6/0.85) 4 = 12.6 tines nore

onspivera reay regivee faitthis teohhigive ibparBiPwlat ay Di sc, whi ch

seens to r O [ r

t hi cknes gf%ﬂ%é%&%{ﬁ?@@ﬁﬁ%{gﬁ 159 Radiio ot fles

conpl i cagﬁ;&bﬁlhaﬁdcﬁuitggfsd\edtalgy id thet thinl layef hhwveulels optical attenuation

nment i oned above (see for exanple Ref. [14]). In Fjg. i
dyg toight ihs_e@éuonsw&ch Ao fcaﬁv&l}?.r tfingig ﬁgwép _ ﬂtlﬁhiﬂ/er material.
Th R P SR RSB B R o
lajidranstpdidr i cal aberration value for BD (NA=0.85) is

D o ) SR aRaL 3 oSk Bl Wi,
mutual distance between data storage layers is small, and hence the difference in optical path
through the multi-layer storage medium when the light is focused on different layers is
relatively small. A smaller optical path difference means that the amount of spherical
aberration as a result of this path difference is also smaller. In particular it appears that under
practical circumstances, e.g. a 4-layer near-field optical data storage system is feasible.

In an embodiment of the optical recording and reading system m =2
corresponding to a medium with one spacer layer.
In another embodiment the thickness variation Ak of any spacer layer over the

whole medium fulfils the following criterium:

Ah < ZA_ more preferably:

n;

AR < 2 and cos 6, =./1—-(NA/n;)*.
8n,(1+cos@,)
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- cross talk between data storage | ayers - optica

absorption of the spacer and cover |ayers due to their
waigis/wefisact i ve i ndex - spherical aberrati on #Q®1Bm05/051245

di fferent optical depths of each of the spacer |ayers

It is an object of the inventiqp to provide an optica

data storage systemof the type nmentioned in the

openl ng ParfegblfA is trgdritedn T.8) whish és taraserfor mog negr field optical

% read out is achieved using a near-field solid

TeGORBE YRS ens. It is a further object to provide an

optical gRhRaRdrRstagniBslinvbnt oF &héi%@tehﬂhﬁyﬁheplased%}em following
The first object has been achiev i n accordance with

fommia g thetreloactivy index of thecsaliddmmersion foag ass jitsanfl theefactive index
£l racR%{hgeglln that any one of hj is larger than
0 3% CSPFPEL R "NA < no and b > 10, preferably b >
15, and t he SLW‘] of aII hj is smaller than where n and
hk Fespectiveryare—the—rear- real and i maginary parts
of t efr pt yef ndg'.$> f all spacer |ayers,
@éﬁgtﬂ:{fs f each spacer |ayer mL
m\ =) - - and k = w1 | j where Kj
IS the |nag| nary part of the refractive index nj of
in tWhéchsthageniabilesave thedfollowsngt heandegranded doubl e pass
transm ssion of the marginal ray of the focused
radi at i on beam The insight is that spacer |ayers are

requrge t are pg,tz thin and flat to nake
(fabiE ’g/ser- recording feasible. Further, we
have” e I NSi ght that such | ayers can bemade, how they

Mgn be r{a "a(r' Hdl Eeﬂe preci se properties are, and
$ T _

(£2)=n? —%NA?,

<sz> _ njz —;%NAE,‘

nn’ +nn’ —(ns2 +n,” —ZNAZ)\/nS2 — NA2 \/;jé — NAZ

1
(£.1;)= AT t_(n 2 log Jn? —N4? _\/njz — NA?
s J

"

n,—n;

and Wrys is the maximum root mean square wavefront spherical aberration that can still be
corrected for. See also "Compact description of substrate-related aberrations in high
numerical-aperture optical disk readout", Applied Optics, vol. 44, pp. 849-858 (2005).

The value of hyay is limited by the maximum tolerable amount of spherical
abberation according to the following contraint Wrys < 250 mA, preferably < 60 mA, more
preferably < 15 mA.

The further object has been achieved by an optical data storage medium for
recording and reading using a focused radation beam having a wavelength A and a numerical
aperture NA, comprising at least:

- m data storage layers where m > 2, a cover layer that is transparent to the focused radiation
beam, the cover layer having a thickness hg and a refractive index no, the data storage layers

being separated by m-1 spacer layers having respective thicknesses h; and refractive indices
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used (see ref. [10]). Also there are insights into
what consequences this has for the optical recording
wepsisand11Iwo regi nes exi st in which the effect POT/IB2005/051245
coherent cross talk in nulti |ayer optical recording
can be reduced substantially. The first regime is well
known and applies to the DVD and BD optical recording
n;, Stherdiaf €:1,.t hen-dpt i cal data storage |ayers are well
separ at ed ﬁ t hi ck" spacer |ayer. Over its ful
ch %?@%ﬂmﬂﬁp§‘§pacer | ayer is not necessarily very flat
anfﬁﬁ@@fl?qs Ia%gr@ednwavel ength of the |aser used to scan

e new insight is that a second regine
exi s%g f or W ch the effect of coherent cross talk is
7, SURD Lad: appears feasible to nmake spacer | ayers
f%i“th a ragdired fl atness nuch better than a quarter
wavel ength if these ers are %ufflmently ‘thin". If

andh@ﬁmmdkléﬁapmdtbﬁé% rrefesstje b 3lRe noise” as a
amgﬁ%%%ﬂf&ﬂﬁFhQ%mkﬁﬁrﬂﬂ&pherent cross talk from ot her

ora ayers Is still small enough to allow for
t hi - 5R3c s. Very |large nunerical apertures are
b T8 Basdfifor usi ng near-field recording, hence

flat and thin spacer |ayers open up a new reginme for
whebd 8 ah@khéﬁp@lttﬁ!eil}narp aliet imearl wal anmmaguraryrpﬂrtsmf $hegtefragtéve indexes of

that thin |ay ddi dvant The first
all spaser laysey W&Eﬁi‘ﬁ Wé'g‘éﬁ‘? a"‘gﬁ’ﬁs ? Flé?fgrrlggﬂave | ess
opti cal attenu,atl on due to | |ght absor ption, which
al quhfor @&rhlntrlnsm absor ption of the | ayer
rra er| aI h| Sji S even nore beneficial since this goes
ther vv| “azhigher refractive index of the |ayer
rra #;al The s&@nd addi tional advantage is that if
t hih spacer | ayers are used, the rrut ual distance
i PR BB A5 RSl SRR o AL i e
defifadd @béoubbipassiratspmsdioe of ihg mhargmalk @y 0f g foensdd fatd;atmmtbeam.

| ayers_ is rel ativel | | er h
ProfetbDy 67 06 CrBRFEPEIRION Re LHbRH Dot EpRErear O

aberrati ofhedeqf re&ﬁei%ﬁsﬂfen’rcma%eﬁaﬁ(rh%ﬁ@aence is also

smaller. In particular it appears that under practical

gl Iy tances e.g. a 4-layer near-field optical data
jcrrg y:et emis feasible.

J=1

o B

aw
dn |,

m=1
- Alog f

t b tion reads -
and the requirement on absorption Z W >

where fis the

required minimum intensity after double-pass through the stack of layers.
In an embodiment of the optical data storage medium m =2 corresponding to a medium with
one spacer layer.

In another embodiment the thickness variation Ak of any spacer layer over the

whole medium fulfils the following criterium:



In an enbodi nent of the optical recording and reading

system m =2 corresponding to a nediumw th one spacer
woOaywrio4iin anot her enbodi nent the thickness vaPCatiBmN5/051245

Ah of any spacer |ayer over the whole nmediumfulfils

the followng criterium Ah < rare preferably: 4n . Ah

and cos , =JI-(NA /nL2 . Snj +cosq nPreferably NA is
A}égtrg'ier toheanr feaab which is the case for npst near field

pﬁafn Fel6rds rhj systems. In an alternative

enbodi ment of the system hmax is replaced by the

followng fornula and tVe—H-:—H;ae;i ve i ndex of the
AééW@ﬁdl@ﬁgm oyl (¥ 5)and the refractive

i nd¥%(5t°%8y) of the spacer layers is nj: in which the

vari abl es have the follow ng neaning: and WRMS i s the

maxi mum r oot nean square wavefront spheri cal

aberr at i efehibly 88 lgdritharbES caoreaatiechblyol .6, Mo mtfeeably 1.7. This

"Conpact description of substrate-rel ated [

' g abe,r%t i.Qns
5 hasdbamdyRntage el Bl Beresa pEan pER A >0l-S ke pabidied without the
ﬁ@ggm?go%tlg@}1n:ge§n?%péghﬂigf}hepp. 849-858 (2005). The val ue

maxi num t ol er abl e anmount of
spher i cal Alaithstivaly anatheo embodinteat bhe isf replacad ygthe following formula

contrai nt, WRNVS <_ 250 , _preferably < 60 nmre. .
an Bt SR YE OO {16 SoHfbirmRPeHGr B Tl e gractive index of any
' .optical data storage nedium for

Ofﬁgggrr%\é?ﬂa%%%eadi ng using a focused radati on beam

having a wavel éfigth | and a numerical aperture NA,

@OMPIst Ngat T gast . - m dapa storage | ayers where m >

2, algoyer, | yer]:f}ét-(VsXL&ansparent to the focused

r adi {fu%‘gegm T 2ioverzl ayer having a thickness ho

and refractive ivdex ’/113, the data storage | ayers

. being separated by m 1 spacer | ayers having respectiv .
ingviglk theyarables, hapine tas meaning, of somis hegigfion aygrages joyer the fens pupil,
ard givenby™ 1,

10

A !
V3= 5h0a
1

> 2 n.3—(nj2—NA2)m],
15 <f52>=n32—-5NA2,

>

<f,-2> =n _%NAZ’

Fnsnj3 +n,n,’ —(ns2 +n, -—2NAZ)\/;S2 —NA2\/nj2 " N4
Jn? —NA> = \[n} - NA?

n,—n,

Vv

::4_]\/:61_2_< —(ns2 —nj2)2 log

and Wrys is the maximum root mean square wavefront spherical aberration that can still be
20  corrected for.
The value of hyey is limited by the maximum tolerable amount of spherical
abberation according to the following constraint Wrms < 250 mA, preferably < 60 mA, more

preferably < 15 mA.
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characterized in that, any one of hj is larger than
blJnf-NA2 ' mmiinn Wand NA < n,- and NA < no and b >
weQeospefier ably b >15, and the sumo f all hj PET/IB2005/051245
smal l er than where n and k respectively are the nean
real and inmagi nary parts of thelefractive indexes o f
al | spacer |ayers, %hed W th the thickness of each
spacer I dy@n emhl@érreent of thegoptikel datﬁ;g@naaﬁ: jegym thefspades layers
ref ractl
cdiirish e imi S Au b aeR RS B NG pER, RreleRatiy e
pdMindiBeisl0¢ eaRdler adi ati on beam Preferably f > O 50,
nore preferably f > 0.80 and nore preferably f > 0.90.

The requi rement on spherical aberration then reads and

the requirenent on absorption reads where f is the

required mninmumintensity after doubl e-pass through

t he st ackThefinlayensvilllnowale expixdatdiamhoreidetali ewitdpteaferahce to the

data storage nedium m =2 corresponding to a nedi um
drgvings gnwh §gacer | ayer. |n another enbodi ment the

t hi cknes (Sil:l%r@n%é S%kifal‘ﬂlﬁsl%gﬁ. fsigﬁ(l aSORMEY fal-BERT oﬁl\’:ﬁfret:&}ﬁmg objective

whol e nedi oW ng criteriumX
amfotaen porepediak withodhcdeetagebidywith eovies ldyar,ger t han 1. 5,

nor e ref r abl ref rabl s has jhe.

ncvant agd EWER EAradpE e ha i Ver-Fieid Pl RpgonttEE ghisdive and
d#®AGoRGe Hfsklvh?h%qt Yheh Pa%:r ifewlth dhiedtidyep of total

Internal reflection. ternatively i'n anot her

enbodi nerfigimaiAiandi3Eptean showywo ipsintiphl awamplesfafiamspnfield lens
O M ARy A0 P AR LAV e
hemispherical SIL which has NA= s NAo, '

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 spin-coated layer, a UV-curable silicone hard
coat,

Figure 7 shows that in a dual-layer optical data storage medium, the data
layers, Lo and L, are separated by a spacer layer of thickness h. The cover layer has
thickness hy. In Fig 7A the laser is focussed on the top layer Lo , in Fig. 7B it is focused on
the bottom layer L,

Figure 8 shows the scaling of spherical aberration (Optical Path Difference)
for blue, far-field optical storage versus numerical aperture,

Figure 9 shows that the thickness of the spacer layer may be larger or smaller
than a quarter wavelength,

Figure 10 shows that the spot on the out-of-focus layer contains many run
lengths of data,

Figures 11A and 11B show that in a multi-layer optical data storage medium,
the data layers are separated by a spacer layer of thickness h,
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of the spacer layers is n in which the variabl es,

havi ng the neani ng of sone aberration averages over
woheosliesngspupi |, are given by and WRMS i s t he REXilBaon3/051245

root nean square wavefront spherical aberration that

can still be corrected for. Thelgal ue of hmax is

limted by the maxi mumtol erabl e amount of spheri cal
abber at i offigEe bt shaves the GHesigedl|forspagerdbiskrasahietwire®.5 and 6 um

< .25 refer < n re preferably < 15
o5 t.g‘f %rgﬁl%ﬁ%%‘i T‘r@%bg b‘fn’% _o(b%gg‘ﬁg nd'af'gs’st orage nedi um

t he spacei; [ -~ leyi m iy

{r anspar onie T 7 FRoRTHE (R ReRa 00 Bt EHAHER HeBkdch 0 and 3 pm
fayahy hedardeeld sast 0485 L, Nhe i.i\vaadni -00.68i The m@vmben thickness as

exp] ained in nore detail with reference to the
S?ﬁl%iﬁ%@s])YPIWTclﬁhﬁh@ﬁ-% A and IB resp. show a

normal fag:fi i cor dina.. abi i
st or age lel é\/e\} t ?11%8{8 tfé%\L/%Hre%%%yaé%reﬂg%ogpé\ﬁ%hét\é&%?gq Sgg%@ :co the spacer
réfragtive md2tindodth2 Binesm spdventhickNearh ki a3lsdale@ friogaD VD ICC between 0

recordi pg obj ective and data storage di sk w thout
alafleu pm g&é?re ngagtighdioasch Tt 40K mr NAewees0-3A and 3B

resp. sho Rl . r~fheld | ens .
oo A PR AU B B BRI Ry 80 B
Ghifarsined(B @D psolidtimnssugion 1dme(BHPNEhé gpbleriil labWﬁiht%dih iE @bven for three
= [ t t
V%?%qglts tgﬁ{?ﬁﬁl%pmg%q Elfi%gg @Tchcgg@qr ayqari @Fﬁaﬁwgstn‘?aﬂg ig obtain%d for the highest
rddebavd skt gﬂhgtcg;,&q%mr all el and perpendicular to the :
polarisation state of the irradiating beam and the
sum of boFigpreH Ghows Shes sphesical lmhtrrativm fohnedesfeedd optics with a Bismuth

b b T ol SRS e s e
spiRtiBal@Badrfibnl idYhest & SIV-a8H cBPrQayir hhGOME sBRMESt difference in refractive
index, .

Figures 17A and 17B resp. show the principle of operation of a dual actuator:
in case of multi-layer optical storage when the first storage layer is in focus (Fig.17A) and the
air gap is kept constant by moving the objective as a whole and when the fourth storage layer
is in focus (F ig.17B),

Figure 18 shows a dual layer lens design, comprising a first lens (top) and a
SIL. The SIL is made conical to allow for a disk tilt of 2 mrad or 0.12°. The position of the
first lens can be changed with respect to the SIL,

Figure 19 shows a close-up on the optical disk of the focus on Ly of the dual
layer lens design of Fig. 18,

Figure 20 shows a cross section of a possible embodiment of a dual lens
actuator for near field. It is based on the HNA (high NA) design for DVR, see Ref. [11],

Figure 21 shows that defocus can be obtained by moving the lens with respect
to the SIL,

Figure 22 shows that defocus also can be obtained by moving the laser
collimator lens with respect to the objective,

Figure 23 shows a switchable optical element based on electrowetting (EW) or
liquid crystal (LC) material can be used to adjust the focal length of the optical system. It is



10

15

20

25

30

coat, Figure 7 shows that in a dual-layer optical data
storage nedium the data layers, LO and L1, are
woeepariatiad by a spacer |ayer of thickness h. TReTaB2085§/051245

| ayer has thickness hO. In Fig 7A the laser is

focussed on the top layer Lo, i% Fig. 7B it is

focused on the bottomlayer L1, Figure 8 shows the o
alge ppssitde tof simyhendopdly cappenrsate 1oha ceyin eamoupiaiispherical aberration in
th@&rg raggce) for blue, far-field optical storage versus
nuner’ical aperture, Figure 9 shows that the thickness

of the spBigeare 24pgh@KvsnmyviteRallabptical elensnmbdsed oh leRBiraéwetting or liquid
quarter wavel ength, Fjigure 10 shows that the spot on . .

crypial wateriak canchsised foadist thsrfogal dength ot the ontical systera. Here it is placed

| o . -

b P O S, P RO O to S Bkl i Rhsate for o
csapasmbwd of ypleereplaberraliaymrthsfwayhi ckness h, Figure 12

shows the CCT-signal for spacer thickness h between

0.5 and 6 mMmmfor the far-field case | = 0.405 nm NA =

0.85, and n = 1.62, Figure 13 shows the CCT-signal for

spacer thickness h between 0 and 3 mm for the near-

field caskulti-tayer atsahdata barage tas haveralhigher date6@padityethan the single
lm'gir%%thi ckness as scaled fromDVD ICCT is hmn =
ayergse lbeure 14 shows the spherical aberration

par aNek&dats PAess infliet 86t mdrd fRcSHaFSRS afedbdqiafeldi ve i ndex

n for the m ni mum spacer thickness Iwn as scaled from

DvD thespassr layers showldbezo. spinfeoatablee thianplics elpelorese |

= 0. . L 9. Rl.aur t he

sﬁheﬁ%@é’lﬂmaeggfﬁ ra@? %%Ao%qﬁg%{ﬂ_n | (reéfaﬁqa ]cgl‘é% ?1?\5{3\%% th a

Bi- s nhigh »Gaiphienhich ab&ioskl i d i mrersion lens (SIL).

The spherical aberration is given for three val ues of

t he high/kaequues spaldrtadayqrspa@eg&r | ayer. The | owest

val ug..i j s [ t refractive index of

t he %8%/%?% gﬁ%f%ﬂ?iﬁg%&é%ﬁ t he spheri cal

aber smdll dataflgrer semingf d/lpvd fopmirksdats-ldyeamBimmibdrause spherical

aberration and optical absorption both remain within limits

This closes the circle.

Spacer layer thickness scaling in case of near-field optical data storage

If the cover layer thickness is much smaller than the focal depth Af =
nA/(2NA?)) in and also the spacer layer thickness variation is much smaller than Ahy = A/(4n)
(note that Ah; = Af"), then the Gap Error Signal can be used for controlling both the gap and
focus, hence there is no need for a S-curves type focus error signal, and hence they do not
have to be separated. If required, focus and spherical aberration offset signals can be derived
from, for example, the RF modulation.

Indeed, if the spacer layer thickness variation is much smaller than Ak; =
A(4n;), a quarter wavelength in the spacer layer medium, then there is no inter-layer
interference modulation on RF signal, see Fig 9. If thickness variation is small enough, Ah <<
A/(4n), a very useful parameter regime for optical recording is entered.

Regarding coherent cross talk, note that if the spacer layer thickness variation

Ah; is very small, it appears beneficial to choose the spacer layer thickness 4; such that an
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Germanate (B&O) solid inmrersion lens (SIL) for

different refractive indices of the SIL. The spheri cal
waheosratiteon is lowest if SIL and cover | ayer haee/1B1ves5/051245

smal l est difference in refractive index, Figures 17A

and 17B resp. show the principlsof operation of a

dual actuator in case of nulti-layer optical storage
injgyéarench anipimwn osewp-dips thesi@plar saserpifagenpd! quoegicahapsyture where all

L JuReh S S PR Sy iy o e
spaser laydrohase A thicknesk AA)ich fsi plrddl idBgertromisipke ichfal qdaﬁyxe\li/avelength in

| ens design, conprisi ng a first lens (top) and a SlIL.
thFh"EaCSF laypEmaigdial: domiid4frut Sonp Finciive indeqyisk 170jand gfwayelength Ay

o 12...Th it |

gl D6 e Bt el 1 S5y PLexET g1 47 wm for 1 =23

IrPt'h@ %@seuﬂ a(hn%ﬁ hem&dal 6pdrtel, 3K iPdonbiaereiderts i BorkBinStiort WEh a spacer
dual | ayer Tens design of Fig. 18, Flgure 20 shows a

lawcrdhs:kg@@ wibieh sifans a gehstaniebnusnies OF qmﬂerowavaleﬁ@%is (1= ﬁé in the

emp %e% ﬁaé%é) {ugp %{?&fcogcegmﬁelpter%re%%? Oeg S%,ugte éﬁﬂf ngt% ntensrcy of the
lightdin thefaedtsr fam these FhgdsNelichvrédengidg et ensconbtiuttive and
respect. to the SIL, Figure 22 shows that defocus al so

desiiHctbve Bisrisranee) t@}JSﬁ@@Vﬂggq o, Whish rlmébei thatgthe colesepy cross talk

I‘nOdlEll %a n?p‘%l% % p‘{”?lcbta hgerezﬁgj ﬁl%éeégfgre Olglg ﬁ{u%ie I%E&W?r{: aIn fact, if Ry, ¢ is the

eﬁe'éwve edfleciivity 6f e Y5t BYer(dn@all Thelsi oaueaadnbga qletwtdrome modulation
dpéljaalUSt the focal length of the optical system It
¢

IsspppsEaBMBlyesiven &Y nul t aneousl y conpensate for a
certain anount of sp al aberration in this way,
and2Fi gure 24 shows a\Rls)fm tchabl e optical el enent based

Mo &l idcrystal material can be
us ' | ength of the optical system
Here it is placed between the first |ens and the SIL

It is al SPrjysenymericd appifye: the esass ﬂycl@@ﬁqa@ﬁibaﬁ@mﬁblam will only
nfeltdldm apRppnt of spherical aberration in this way.

This leaves incoherent noise from channel code on out-of-focus layer as the
most important scaling parameter. The noise as a result of incoherent cross talk can be
estimated by determining the number of run lengths in the out-of-focus spot on the adjacent
layer. In Fig 10, the spot size on Ly is estimated when the focus is on L;.

The spot size 4 on Ly is a function of the numerical aperture NA;, internal to

the spacer layer, or the angle 0 of the internal marginal ray.

A=7n(htan6)>
If the channel bit length is 7, then <7> is the average run length. The number

of run lengths N<z- illuminated in the out of focus spot is
A 7h* NA?
<T>? (n — NA?)<T >?
where we have neglected the track structure of the disk. Note that the track pitch is almost
equal to the average run length (for DVD 740 nm, a factor of 1.156 and for BD 320 nm, a

<r> =

factor of 1.290). Note also that the area between the tracks has a constant reflectivity. The

total incoherent noise depends on the ratio of the effective reflectivity of layers Ly and L;, the



Multi- layer optical data storage can have a hi gher

data capacity than the single |ayer technique. - Mre
wdav@/loayers i nplies that nore spacer | ayers aPeT/IB2005/051245

required - the spacer |ayers should be a.o.

spin-coatable, this inplies a pofynmer - high nunerica

aperture NA requires high refractive index n - high n

mogplaties detithypf mggﬂgtagpmﬂm aRd therfiqgare kooted Ui ¥es. Bl¥drt min is the minimum
I
mﬁjl%{ée?e rf % fen?‘!ﬁ?‘fo Q@ca viafn, S J?‘ﬁéntﬁgog’rlgl‘g&%ﬁnﬁ %rogTe[F]X( {ﬂeﬁtthe minimum

thiokinkds di‘&h@sﬁaamﬁﬁydfﬁﬁgwﬁm bycause spherl caI aberration
and optical absorption both remain within [imts This

cl oses Tt he rCIe pa ayer t hi ckness scaling in
hhase €$7<T$mﬁ G| opﬁﬁég data storage If the cover
| ayer i ckness is nmuch smaller than the focal depth
5  Af - nl/(2NOBIAT, ltma @aﬁngﬂbﬁ@a&é}q dﬁa%fﬁ@ltne's gweﬁ mr%bﬂl%sfmues of the

variation is nuc smal l'er than not e
reﬂaptlve mﬂgx oft the spachelageip t@rmersabam bR wethe fﬂmr length scaled

R 1AOaRe By BN AR RS R Mg e

valié& Yor Q@;ﬂg& udidy @ievalRFoS BABE Rh@fin spacer 180t thiRRnesk. 0CMSulated numbers
and spherical aberration of f set S|gnals can be derived

are poifedfip ol asspmed velves me pringad rarmeh The baklegnmbars jrhige last column
10 g]%g %feetlh nlnﬁﬁﬁlrrealme%ktﬂ%ﬁﬁesg A ltH%]t gg &i g&eﬁﬁr}'\%@ffgﬁﬁt %el&a(;}' near-field

uarter wave he spacer
Fﬁhm&fé@sﬂ It ipelegr that @plclany Bhan k&}/@ﬂh Alte@#rh Eree gv@n are for the blue
rmdu ation on RF&gw see Fig 9. If thickness
wevalength 6405 aedpt Eordhe hottqm row whigh givea ay exgmpls doryltra violet.
T%?e%ﬁgfl%rsho Jchmtee e%rln%g{rélfl isreg h rrg ntn% ufin SPS&%GI‘%}%? thlckness doesn’t

ere Cross

gétazygrmh&hwﬂ&n\aahicmn.on Dhj is very smal |, it
appears beneficial to choose the spacer Iayer
I35 thickness hj such that aninterference nininum occurs.
G G R T T o T
t he data gtigragdnl ayer|®d t hi §<woul d [KTplTy §WNak qt.he |2
(am) (am) (um)
|[DVD 660 0.60  [640 4.8 2543 45
BD 405 0.85 248 3.3 12603 25
BNF1.45 405 1.60 1.45 145 33 2543 1.93
BNF1.52 405 1.60 1.52 139 33 2543 1.30
BNF1.60 405 1.70 1.60 132 33 2543 1.37
BNF1.65 405 1.73 1.65 128 33 2543 1.15
UVNF2.42 |290 2.55 2.42 62 33 2543 0.59

A design example. taking absorption into account

We would like to calculate the optical absorption of the marginal ray, which
20  on the one hand has the longest optical path length D=2A/cos@ in the spacer material, and on
the other hand is the most important because it determines the optical resolution. If /' = I/ is

the relative intensity or transmission fraction, we have
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spacer |ayers have a thickness which is an odd integer
multiple i of a quarter wavelength in the spacer |ayer
worb@srioallts hj = il/(4nb . For a refractive i ndegTMB2005/051245
1.70 and a wavelength Ivac = 405 run this would inply
t hi cknesses of ~ 60/ nm for exemple h - 1.37 mmfor
=23. In the case of a high nunerical aperture, as is
onilderqq,here in conbination with a spacer |ayer
e€s whi ch spans a substantial nunber of quarter

ma engths ( z = 23 in the exanple), a Iarge nunber
con en c |n erfere ce_fringes ex e integral
Wi frnte ‘%ﬂr’f F(?ramn e BERBIEBh e B ¢ nese
frlnges mhlc y € alternating between constructive
—dpdrde erference, tends to average out,

whi“ch 'I'IP| | éls tdmt@ t he coherent cross tal k nodul atl on

depth h™Wi I | "Be greatly reduced for high nunerical
TlPiidgitiay parf of dhetrefractivetindek fivBowde effective

reflect|V|ty of the nth Iayer and all light is

col | e;:J[. edSHy t he dl ¢ct o }Vg‘gju' ation depth is
ka‘pprl aJT vV yi nuneri cal aperture,

t he exa hlckne f the spacer | ayer will only have

a smal | effect. Thi s | eaves incoherent noise from

channel code on out-of-focus |ayer as the nost

| npor t antFarcibignigg tha systenethe tenaloiugeriasl apertesuV 4, af determined

st FONGE R 2 P BRI RL MR ER e 3FS BiE- Ho SHE GBI fhe (extermal)
Ng heqadindf&lby 1R ¥t activ ifded 718k thé lh%/eepeﬁ, cBbFtge hﬁnhﬁum allowable

esti mated when the focus Is on . The  spot si1ze
total grangnissibn fratticony affthe mergmatway, @aIOpapnemt (total) rkmplmess hopt of the

i nt to th l. t
SepF SRS it ety TR & BRACPR ER0rheR pubfipn f and
inb&HRSEM ckgys Talkt hen <T> is the average run | ength. The

nunber of run lengths N<t> illumnated in the out of
focus spot is A ph2NA2 <T> ~ T ~ (n 2-NA 2)<T >2 where

T R PR Pt Rl el st

1) Choose 0 = 70°, n=1.70, f= 80% and a wavelength A,,, = 405 nm, then the following

spacer-layer design rules are found:
2) Take the angle of the internal marginal ray 6 = 70° :
NAjy = sinf =0.94,
NA = nsinf =1.60,
3) Scaling of the average run length of Blue Ray Disk with the numerical aperture gives <7>
= 210.8/NA. This, together with N<y> = 2543, the average number of run lengths in the out-
of-focus spot for DVD, yields the optimum thickness:

Propt = 6.0x1078 V('® = NA?) /NA? = 1.37 um
4) The total transmission of the marginal ray /= 80%, taken at optimum thickness is (double-
pass at maximum NA):
ksoss = 6.0x107* NA*/n = 9.0x107*
Note that if, for example, /= 90% that kogs; = 0.47 ksps.

Summarizing the outcome of this example, we find that the spacer layer has an
optimum thickness of /,,; = 1.37 um. The spacer layer should be made of a material which

actually can be deposited onto a disk with this thickness. Spin coating of a polymer offers the
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equal to the average run length (for DVD 740 nm a
factor of 1.156 and for BD 320 nm a factor of 1.290).
wolav@s/1akes t hat the area between the tracks haBC@iB2005/051245
constant reflectivity. The total incoherent noise
depends on the ratio of the effggtive reflectivity of
| ayers L Qand Li, thenodul ation depth of the data
sprgfl kad agmiradyeo fqmocessing teouired ad welN/ag sufficiehtlhighflagiess (4% < 20nm)
ob

oo S B SR HOSE Bl e SR el b the disk making the

suFEdtk e folToR4R @b theQleryt iRalPMidGREe lediiRéd fof tiH JfRaldbjédhive). The
Table I, the scaling of spacer |layer thicknes is given

nfateriab shenld/ adveasrebictivedndei adt T0and ahdenptioh of ke $PaLET. Polymer

i A S BB B et R 0SR20 B W gt spr e sctal
abdoBsRNbTeEL nBtefial SHosa ﬁo@lﬂ bedPRE tﬁﬁ‘ﬁ tBls vaaué taahhteriMahe® exist that

for V<j >mi using the value for , the known spacer
hﬂ%@/@ghmrﬁ&mt@@snd@ﬂ)@smdy e dncrdmﬁmie‘mman of phel nolyaverichosen), which

i |
nip R ROPPD PRt RuBleiol g, AR T ml 26 higher absorption

codicikMassctdf matthingBe esndiieiboker five di fferent sets
of near-field systemparaneters. It is clear that

t y p| c aI | yhﬁmltklafzewstembaé%ﬁpFl@spag@m@tﬁrw\éewwhft example above,

e of 05 n exce t . for
for ex%rﬂp Si Vgh A ga Sxaélr(%p et layehy'y 1é:h \qulcigaveﬁ,' ia(f gt]}ggw%of 7 wm, the
aSRPRntiAE YRV T MiRXhi8MRnfdasstet Bﬁth@‘sﬁbtrﬁﬂ'ﬁlé Bé¥e@Nayer is 39 um
| ayer thickness doesn't get very nuch | ower than a
whe therbottomdeygdrgs inefoanpl e, taki ng absorption into
- account W would like to calculate the optica
absorption of the marginal ray, which on the one hand

ERadpld o 4 L1HR% sy@bl cal path |ength D=2h/cos q in the
spacer materral,~and on the other hand is the nost

i npor t ant Ingienddd and & emwithlayer eiticbddte sforage medium is depicted. In
t 1se§8hﬁlé Pk 4 la%r/ers llto lﬁ Lz,sanh zg\/ r? E%a}a&gd f:é?%ﬁ%%ﬂblta%?rg of %hrl]ckness hy, hy,

ransm s8sion frac

andis respacaiieky4Phe fovtel ﬁy@bb&rthickﬁ@s lhgrigthg OfAf ﬂle laser is focussed on the
me find di ginary part of th

I
toggﬁ%bg iR 1B deix f%weéw ng?ttca% yghi¥Rye theé ﬂwgwﬁﬁwn distance
bét@/geﬂ &BIeclrgQ ﬂyeﬂl{gﬂl&eﬁ %ecﬁﬂ?(l}#rh Sz h!g-—‘ah 1' i tﬁgtcggem \{flﬁgh prevents indirect

focussing on a storage layer whilst reading another layer, for example if one would take ;=

hy=h3 then, while reading L;, the reflection from L; would cause a ghost focus on L;
resulting in extra incoherent cross talk. This is because the data on the ghost layer is not
average over a large spot.

Thus in Figs. 11A and 11B an optical data storage system for recording and/or
reading, using a radiation beam, i.e. a laser beam, having a wavelength A = 405 nm is shown.
The laser beam is focused onto a data storage layer of an optical data storage medium. The
system further comprises:

- the medium having 4 (m=4) data storage layers and a cover layer that is transparent to the
focused laser beam. Said cover layer has a thickness ho = 3.0 pmand a refractive index
no=1.6. The data storage layers is separated by 3 (m-1) spacer layers having respective
thicknesses h;=2.0 pm, hy= 4.0 pm and h3=2.0 pm and refractive indices n; = 1.60 and k=
1.4x10™* (corresponding to f = 0.80) wherein j=1,2o0r3,
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by choosing the angle g of the internal marginal ray,
see Fig 10. Subsequently, the (external) NAis

wdevesrined by the refractive index n of the | agenB2008y51245

choosing the mninmum all owabl e total transm ssion

fraction/of the marginal ray, amoopti num (total)

t hi ckness hopt of the sgﬁ?cer | ayer (s) can be
- empptifabhend, erthuag objectitie hevisg a numgdeal gpertuse Nieeh.44, said objective
1n%fud?%gu aéoh?rhrng% Bg? llen% ?%i) gﬂgt i§ £(9a§§edtf$%1l%cm]&n§g_{1fe%)1 gW{ Q Gee working

dSfatcaotknaallsnitah ongr Ja 46.5405 from arf Aearmdsheurfaok bowiio gnedium and
spacer -l ayer design_ rules _are found: 2) Take the angle
agnged enithy ¢rveRlaypRtdR Albtaid epficg! daty goragrapadump g renpihg golid

I

P ReSIRTL fF £ lash pRRELHL Poptia Bl ANRE A0 id Bupling nto the
o;gloahstora'gemedﬁmﬁ)dﬁlﬁm@recafidl@/readiggt her with N<t> = 2543,
the avera nunper of run lengths in the outof- focus
Agpone PR %%Eger)ﬂ?aéll ds the optinmumthickness: hop, =
6. XxI O NA 2) /NA 2 = 1.37 nm4) The total
trans[?ﬂggjon Afz the marginal ray/= 80% taken at
@pﬁz l‘trumt]wl;ckness i s (doubl epass at maxi num NA): k 80%
= 6. XIO-"NA 2M = 9.OxIO 4 Note that if, for exanple,
ahd NOQH +hag2 dﬁﬂ(N/A-<1Q dhd bcs0dp Summari zi ng t he out cone
of this exanp we find that the spacer |ayer has an
allﬂatﬂlﬁﬁ‘ﬂimotfﬁuélkﬁéwﬂélfthﬁ%pt = 1.37 nm The spacer | ayer
shoul a material which actually can be

pos%t—hgz t-oN4* and€=v0.80 t hi s thickness. Spin
coatl kof a pol ymer offers thespeed and accuracy of

| I

WRRE TR RN i B8 nlfin rod S d hodi e Bt pPUR Refraciye indoves of
alt symcanibgdrs, amagl(ddl\ginhﬁierthk:knmuf dachespakcerr feeyeeti sk naki ng

the surface hard to follow at the very small distance

re ,ned for t?: gptical objective). The materi al

sh ’d’have a ]’Fractlve index = 1.70 and absorption
"61'—,,k.,—=—93 6‘4,1—F’0I ymer

Zhj Zhj
J

J

where £; is the imaginary part of the refractive index n; of the spacer layer and fis the
demanded double pass transmission of the marginal ray of the focused radiation beam.
Another possible set of parameters at an NA of 1.52 is hy=3.0 and h;=1.3 um, hy= 2.6 um and
hs=1.3 pm and refractive indices n; = 1.60 and k= 1.3x10™* (corresponding to £= 0.80)
wherein j =1, 2 or 3.

The thickness variation A% of any spacer layer over the whole medium fuifils
the following criterium:

2 and cos@, =+/1—(N4/n)*.

<
8n(l+cosf,,)

Multi-layer near-field optical data storage is possible because thin cover and
spacer layers can be used. A possible hierarchy of reasoning is given below:
- because the cover and spacer layers are thin, they can be made very flat.
- because the spacer layers are very flat, the storage layers can be put close together without

negative effects from coherent cross talk (i.e. the spacer layers may be thin).



materials with specifications in this range of

paraneters exist, see Ref. [16]. If the actual
wahsewriptiton of the material chosen woul d be | orer/IBlvaF051245

this value, a material nust exist that has a higher

refractive index (possibly a nodified version of the

ol ymer chosen), which hence woul d support a hi gher
- E‘Eﬁ%?q the spaggelayens are ti laysr thlaygsupbetics) abaragion fiegmall.
QO -Cl | . .

- BRA0Ith} By IR i) ARGkl D fiEhdr SRCA B coeftiient
k faraagietremsxipiune attérmatibrg vebieinial tarmpdltowes, fof @ higheargblaetive index » (as a

W th | ayers and_a cover | ayer, i ch woul d have a. .
resol af ier(%@ﬁ@g%ta Rt Kyomig @Wswﬁh icgRnecls the real and imaginary parts

: [ -'ﬁggﬁﬁﬁ of the spot on the

> O%fg\glgé Ca}%% |7s{ Q%Hn@mﬁén t he gr}bttom | ayer is in focus

- Bocanys the offragtide inalge is lnighdretie layeFilgsknedd dandredevih Bmaller!

lti-la tical .data storage diumjs depicted. . .

- Bifaiag b2 YftneF e is sy bR 0P nigher bibhengiahe Gagf Gipacity i
qeRBAlcalledidhyr spacer layers of thickness hi, h2, and
hs, respectively. The cover |layer has thickness ho. In
Fig 11 A, the laser is focussed on the top layer, in

10 Dngl lglaglglg ;,Scﬁlatg |E|Fel$1 hgj _Lecq diz 2. (In)Cohere; k. of I\batllsagts,grghon and
spheliedl aberestionl lith#d tol spattiFhibknds® thi s case), which
prevents indirect focussing on a storage |ayer whil st
readi ng ahonsider aldagklayerfsystemsitip Mavelengthd, womenical apesture NA,

h2=hs. then, whjle reading L3, the .reflectiop,from .

s Bieke & HnBek TPe gty o GrfiEhigh PResippdavers is assumed

tol RRCRET i@RinpliteRsani Phlise. The tntérFerb@eatinges inehdIFil ARrddld@ut apart
ghost | ayer is not average over a large spot. Thus in

15 fremghe frings ah e cenir ahthepupid and dhetfainge ofthe snsgisthe prpibrThe average of
_ . / . L o o At o y

S8 B BTG AL AR o I e f ST ALLD, BPE My e cour

apbhtard sigieil, emalizel Hyohe sigdalambslitade) give rise 06 agieerém\¢eoss @flk (CCT):
an optical _data, storage _nedium The system further

d@@:p_rigssgiélfﬂhhé—ﬁedwwﬂgvi iyuidh (lmrték)s@lma)-a st or age

er t—l—s—‘r‘zrm;p%rr‘ent to the
couer |ay has al t hi ckness

focused | alser be Sai

hO = 3. refracti ve i ndex
cos@, =w/1—1NA:/1n;2

20  where 6, is the polar angle of the marginal ray in the spacer layer, and where

sinc(x)=sin(x)/x. The periodicity of the cos-term is A/n(1+cos6,,), which is approximately
A2n if NA is sufficiently small, and is due to the path length difference 2. The periodicity
appearing in the sinc term is related to the phase difference between the central and outer
fringe and has a periodicity A/#(1-cos6,,), which is related to the focal depth inside the spacer

25  layer, i.e. the axial intensity profile is:

mnz(l—-cosf, )}
A

I(z)=]maxsinc2[

which has it's first zero at z = A/n(1-cos6,,). For sufficiently small NA we find that the focal
30  depth A/n(1-cos6,,) is approximately 2nA/NA>. A plot of the CCT-signal for the far-field case
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no=1.6. The data storage layers is separated by 3
(m 1) spacer |ayers having respective thicknesses

waReB/1041n h2= 4.0 nm and h3=2.0 mm and r ef r aBCTAR2005/051245

indices n = 1.60 and kj= 1.4XIO 4 (corresponding to f

= 0.80) whereinj =1, 2 or 3,-22an optical head, with

an objective having a nunerical aperture NA =1.44,
IsaP 403 bpe Y 78-85nuFullbhis shownlin Hig Hvdn diineast descasShetpr oscillates
that. i s adapted for recarding/readi a free . .
P BRERs R Ghrob TR EPARehRT T 8 C'rPend S sprogphickness is
titfeforl @i Sed 3t fHeae R -PdinS I tha Wal-AicANS TebRiE FofINf the path length
the cover layer side of said optical data storage

diffsgenan2/Hs annteger sumber i times the docal dengh g1 fcosfid dtbr the near-field

| aser _beam.j s upl e . evanescen ve.coupl i i.nt
e RGBT Eh e IRY B et RoRRrE fodbe PGy Poaii ghie dactor
favg R, 00,405 pins NAEQS, D882 apbtiRe Fig 13 ORard thdWe i i
gné gand b > 10,u and the gum of glqjcl) hje ilf’g snal elug}p té#gﬁ ous rectpe
(2InF Kk AA(1-cbs@)y,) Ris nAsRusafid ahymorf?. 80difetenkrestperienst sanstaightforward.
respectively are the nean real and,inpginary parts of
Foperamyle.dbe kpendenss paspaser tie Mammgp%ms@( h jeshgstsuch that the
QUTLEichd18s hliflRPSSm 'n‘ﬁlﬁ&lk BERENts FSHa € fdflex]
t he |grrag? narly part g%lt e regl‘f:ir actrilve in e%%@%,ref fdgfexélﬁgle’ that the
vafiaiverAd aysrbeasnffidiently sniadl cbenpainstien thiosthhlkespafSthe two periodicities,
transm ssion of the marginal ray of the focused
MrabtepsPons®eam Anot her possible set of paraneters at
an NA of 1.52 is ho=3.0Oand i 11 .3 mm h2= 2.6 mm
and h3=1.3 mmand refractive indices n,- = 1.60 and
A§11<: 1.3 04 Ecor,{aspondi ng to f = 0.80) wherein | =
S , <¥tirqkness variation Ah of any spacer
|ayg’?86“\F8F(9tnR B e e o s The ol o ng
criterium D . Milti- layer near-field optical data
storage i s possible because thin cover and spacer
whithesvalvatry, teedAius@d@.nnd possi bl e hi erarchy of reasoning

is given bel ow . .
‘The minimum spacer layer thickness as scaled from dual-layer DVD, which

takes into account the noise due to random data in the out-of-focus layer (incoherent cross
talk, ICCT), is:
2 2
. bAn;,” — NA
J.min N A 2
and NA <n; and NA <ng and b > 10, preferably b >15,

A first practical maximum spacer layer thickness is a.0. demanded by the
absorption of the spacer material (another reason is the absolute thickness uniformity, which
is better for thinner layers). For a total transmission of the marginal ray of, say /= 80%

(double pass at 8,,), we find:
b = _Mnf\/nz — NA?

where n and k respectively are the mean real and imaginary parts of the refractive indexes of

all spacer layers, weighed with the thickness of each spacer layer:
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- because the cover and spacer |layers are thin, they

can be nade very flat. - because the spacer |ayers are
woenos/1kias, the storage |ayers can be put cl 0SBCT/IB2005/051245

toget her without negative effects from coherent cross

talk (i.e. the spacer layers megs3 be thin).- because

the spacer | ayers are thin, layer to | ayer spherica

ab®& ration isﬁgzg - because the | ayers are thin,

t hey”dre allo o have a hi gher optical absorption
neodifiei mmt k ke £of—a gi ven maxi num attenuation, which

in n allows Y'grf a higher refractive index n (as a

re t" of the (dundamental) Kraners-Kronig | aw which

connects the real and imaginary parts of the
whek fpis ttlilev'mnagitmey play ofithe aefsadtive yndes aig ofitha gpacer layerandstas the

the r tive index is hi,gher,.the | ayer_thicknes
acainch b bk appRission sl ek Breihl P B8 ficard Hfagion beam.
k PSR to theextiicticn fdc@hi@Entdyd hence the data capacity

I's quadratically higher. Ddal-l1ayer Near Field (NF)
a{g&@kmlﬂg (1 n) Coherent Cross-Tal k, optical absorption

and spherical aberration limts to spacer thickness

Consi der a dual |ayer systemw th wavel ength I,

numer i cal It agpamontant tnmotestbafdeateltlﬂs whihcigh refragtive qua&eralso have

hlggfk;@@m%le a;nggegl)éf }m\éﬂ ﬁ@trf ! ‘ib_4§/[]cﬂe9 n—ogl g)ﬁia@@ thli% éules out most

nt
PRI e e

fringe atAndstherrprmtwhl thgmpapspacer Tayer aluelnmgselsafemahéed by the amount

' th t t obj ect i
of sghETRL Ao AP e PRAFHE TOEh Pah Cheerdt il & BN from one
AR 1B foAREINSX dEQQaiérQFl@hl #piattidal §int 8f ¥View! 1158z h@itional variable
cohérent cross talk (CCT): cosemwhere gmis the polar

optitgl elements iretbadight Wéh it 1§3p0i5$1b118 fie carpect Eor qudy @ limitgd @mount of

X)

spigRL aPTIH STP DR SEolE aRE B LS, rhllarp separp)

if NAis ',Bhb‘ﬁemduﬁrsbhéhcsh”ﬂbdrnatlaﬂ dn ieactdldgert shotildebefiedshhan

length difference 2/z, The periodicity appearing in,
anpﬁ@l@la%y +30 milliwayey BMStorgyarpise spiisintlyflow tetababerration of the total
1%@? wgen the central and outer fringe and has a

rodicity | /n(l-cos gm, which'is related to the
focal depidralass abel liehm cfmaocerichlaperturei N4 fodubeel forhal medium with

relfrgct:tlevrésllnéglx ((t)he éli) 1nto a layer of refractive index », and, the RMS wavefront

spherical aberration per thickness /4 is given by.

Paa )4 LA

in which the variables (having the meaning of some aberration averages over the lens pupil)

are given by

A R A

3NA4?
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which has it's first zero at z = 1/n(l-cos gnm. For
sufficiently small NA we find that the focal depth

woOhLmsltocias gn) s approxi mately 2nl/ NA2. A pl ot PoT/IB1ve5/051245

CCT-signal for the far-field casel = 0.405 mm NA -
0.85, n =1.62 is shown in Fig 22. In this case the
cos-factor oscillates ch faster than the
.é ne ﬂhci &The]g EhEgnce of the CCT-signal on
gacgNA@ Vck 16ss '1's ‘therefore minimzed at the
zero-points of the sine-function. These are found if
the path length difference 2/z is an integer nunber i
times thg focal depth I/n(\-cos q, ) . For the
<ﬂé%§;ﬁ?eLdv¢ﬁse the periodicity of the cos-factor is
cohparabl?e to the periodicity of the sine-factor,
giving for | =0.405 m NA = 1.5 n = 1.62 a plot
like Fig 13. Cearly, the previous recipe (2/z = I/n(l
S #;")).is not so useful anynore. A different
<ﬁe$rﬁb |52N%t so straightforward. For exanple, the
dependence on spacer thickness his mninmumif his
chosen such that the CCT-signal is mnimmor maxinmm
Requi rements for flatness are, for exanple, that the
variation Ah nust be sufficiently small conpared to

the smal | es of the Qer|9d|0|t|
h to Ah <23|mm, Fhﬁ?s rmm sp@d‘é& rasyefoﬂﬁ akr’reéféz

cal ed fqon1dua|-|ayer t 0 accoun
Zﬁbfgﬁl go a;a—hﬁ Phén&u{NA? focus | ayer
(i ncohe t t(’bssny n, - and|NA
< no and b 10, prefer bly b ﬁﬁzS JA first |practi cal

maxi mum spacer |ayer thickness is a.o. denmanded by the

absor pt.i OThe3é etjigionp earete svaledrwitl refpoeotothe réfersion index ofthe spacer
the absol ute thickness uniformty, whjch is better fo
layet, FexamRlpdpspirogugingyth ?wemt%ﬁ?sm % ¥ ofF N4g- In Fig. 14 the

p?i%; %ll '3% et 18f so éﬁf‘%luesag% (id gw)n}h o Ath kﬁEssqm,,’as nd faom DVD

ere n an respectiv are t e mean real
mcmiwgem arqss tedk.t Bheabp bbezongdl mastgives nspm;,hxles nbf, ab found from DVD

cer |layers, [ hed t he t of
RS ok B e o ot i B 2 Rt horzontataxs A
vl 6061 X RN1B @ﬁPfer{bar atkralibe 1s%9§cct81fera!bﬂn>’f%& a9 hydrSybb.
demanded double pass transm ssion of the margi naI r ay
Eqfivilaglyf, acakedrlddaRMSsghesinal dberrstionak ftse cblérabletfer a 4-layer
extinction coefficient q%o I nl O

system. In both cases a maximum of mA RMS spherical aberration per layer is obtained.
As can be seen from figure 14 a small ratio mj of is preferred: m’ < 1.2 or preferably m’ <
1.02.

Table II gives the RMS spherical aberration for some values of the NA and
both the spacer layer »; and SIL refractive index ;. A typical spacer layer may have a
thickness of 1.4 micron and a refractive index #=1.7. If the SIL refractive index ns~1.9, the
table shows that the spherical aberration is A4 = Wrys/A = 36.95x1.4/2 = +£26 milliwaves.
Note that this means that no extra spherical aberration compensating means are required in

the example given.
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It is inportant to note that materials with high
refractive index n also have high k. Fromthe above it

woéabdsansiishat k <6XI QT4 NA2 | n =8.3xl O 4 . ThPeTnBl08T051245

out nost organic materials (i.e. spin-coatable
polymers) in case we demand thatsn > 1.7. Another
practical nmaxjoum spacer laver thickness 1s demanded

Thhlelihe gpiveridal abemptien (ma/urapRMI(Agh at hdud@ainby t he

spacer layer when the laser focus igs noved fromone

Nndata | ayer to the next da}a | ayer. Froma pfacti ca4
(Sg)%i gr@ of Vi evv,1- i ng addi }ional 5@| abl e op{ti cal 73
&

inthe light path, it is possible §o correct

Npor onlly 4511 m4s@d anssint 11065 sphieed cal1.eber fa65on(1.80 |1.65
L of gbout P50 mitliwaves RVSI(root lnean

square)| The fesidupl spherical|aberration ¢n each

vob—cihnol A Aa |l o thant Ay Al vt Ay, DN 1 H /oo
op TOUT U < T'COP CTTarTt G.P'JI \v) T 1TIaACT T y [OAV} \VAYE>]

Li guar anf ee sufficiehtly | pw total abefration of

2978t ot ab,@g;g BB IR T |43 AS s PRE 1 r.g@?li%e{‘.légg'ziééb 67.80

‘aperturge pcused| Trom p medi Umw t

20adex ::ISSIQEB SBLY5 | [Meo6R [38yEs (H2.5@f [e6:85Vv¢31.40exd2.42 |59.62

RME wavefront spherjical. _abertationlper

TORPcicneB0.07 | Beltcloh) ikl A5 (96054. (373 (2755 |5092

L H L P
LI V.dl orlr U1l valadr ©o (1maviiriyg U1rc carit i S UITIC

aberration averages over the lens pupil) are g| ven by/

Spherichl aberratfon/MeBS GHEAE-fieliSoptiall dutLstéabed with
respect to the refractive index of the spacer |ayer

for exanplt&ibhpe shewnthat thegmonat phsphsseal o errﬁtwﬂrfplmpultl-layer near-.
ﬁéﬁ%g cal sx&@x‘h% lt(pp&:vleg 1aa%r4a1{ aé&‘rl &Lness %ﬂhﬁpacc&;table

Iven mn as

bunds (ke h&@HE‘FQM])CAh@thEﬁHen@ﬁ&S Sf 7 Bhﬁv OFD&RNSHs considered to be
hori zontal axis gheves nSpacer hm n= as found from DVD
diffracsine listitede The sphesirad, abmatm sheuld bej digginstly dess tthaélrfhléﬂmmber In the

e e BB 9P s A Bpaion .

fod éRdmplaieiquid/&t e ceHOsire@liral ft¥eeras #abdtRbRIto ﬁgsui’ﬂe tﬁﬁﬁt is possible
spherical. aberration is just tolerable for a 4-I|ayer

to compensate for an amount of 250 mA OPD RMS spherical aberration in near-field

systems, and we will use it as a bench mark.

In Fig. 15, spherical aberration at blue wavelength (405 nm) is shown for near-
field optics with a Bismuth Germanate (BGO) solid immersion lens (SIL). The spherical
aberration is given for three values of the refractive index of the cover layer. It shows that the
lowest value is obtained for the highest refractive index of the cover layer. For a refractive
index n = 1.7, and numerical aperture N4 = 1.6, we find 60 mA/um OPD RMS spherical
aberration. This limits the multi-layer stack thickness (cover plus spacer layers) to
approximately 250/60 = 4.2 pm.

In Fig. 16, spherical aberration at blue wavelength (405 nm) is shown for near-
field optics with solid immersion lenses made of SF66 with refractive index » = 2.007 and a
glass with refractive index » = 1.9. The spherical aberration is given for two values of the
refractive index of the cover layer. For a cover layer refractive index of #» = 1.7 this limits the

multi-layer stack thickness to approximately 250/36 = 7.0 um. This would be sufficient to

make a 4-layer disk with 1.37 um spacer layers and a 1.5 pm cover layer.
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system In both cases a maxi mumof 30 ml RMS spheri cal

aberration per layer is obtained. As can be seen from
woionsrie41id a snall ratio nj of is preferred: nPCEIB2085/051245

or preferably m < 1.02. Table Il gives the RV

spherical aberration for sone vabues of the NA and

both the s acer_layer ri2 and SIL refractive index ns.

A typi cal Tapzesults fragpchothediig. hapad Hig ho shews thapthedowest value is
f f the SIL
I

ractive ows that the
s pher i cal Naleethatadchiing 6fSsphdfical WhlyEation 36r Sax fiel (X5 d2f is not directly

mlli e t hi rreansthat nQ extra
e FEHF Tind ) SRl s SRORE: 17 " S st GepaefigBhu-ray Disk

| t
B I e -
niultéplREVIDS paf x $0RSV/j1eet 250elrfat & Dal ByerdBILthy DidlaT8é data in Fig. 15

nearfield optical systemdue to cover |ayer and spacer
andaliigr 46 e whichevaceqbeulsipd nsing thecthearatinab rasplineSRe¢fs Bt ashew much lower
et e Sl P o Rlo g g IR Al have
sugpested(the Bbetuviohdedifts i divérpe bépond@ss =t 1)aThik Bas bortaddback to the
In the BD systemthe total spherical aberration is 250

apRareybRoRi! ltaﬁ@e@@gle\,% retberfbes einymerigal aperpredYh gt ©n@ which
%tleﬂﬁﬁhgs e %?%rg%tlo?lf(&lie’salépootgg ?%#ér[c%lade ainzg tetﬁrm%ﬁl]g%?a Rerlture in relation

Sune o cdmensa
toelrigLdt of 250 ml OPD RMB spherical aberration in
near - fleld s stens, and we will use it as a bench
mark. In ata shovapndfigchY anghidier Hi plemsuggesithat the refractive index
T v T

thitrealsgsiewecthan 40 @nk/ptd ORDIRM§iskeuld be potdille This isuasre@iearly seen in -

the refractive i ndex of the cover |layer. It shows that
Figh &4 whgse forvat (i weifindobral nde spwerttmgl)c/rws@ry@slally will be less than 2 pm,

RS IR o M 2 b B A
find 60 niyJaee ERPefridbive Fih'i&'k' o e ﬁhﬁhé@édv@f‘lay&hdnﬂ spacer layer is

limts the nulti-layer stack thickness (covér plus
choseictorbg gyel 9) thte@Ib;sb@ldd iprederably lpBoa gefrartive mdex lofinFi §7 as well. In

orillgr @ﬁ%\?\?ﬁﬁ %?éh r{c%i %pe?tu?et otbthe objec Yveel g'ﬂggher g/aziue of' me refractive

near
index of the SIL may be desirable, however.

Example: near-field system with dual layer N4 = 1.6 over single laver N4 = 2.0

ISSUES for dual layver N4 =1.6:

- Critical thickness variation for cover and spacer layer
- Light path and objective lens complexity (focus jump, spherical aberration)

- The availability of high refractive index (#>1.7) spin-coatable polymers

The first of the above issues has been addressed earlier in this invention
disclosure, the other two will be discussed below. None of these issues seems to be a

fundamental problem.
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optics with solid imrersion | enses nmade of SF66 with

refractive index n - 2.007 and a glass with refractive
wonasxonis 1. 9. The spherical aberration is gi PeWIBmN5/051245

two values of the refractive index of the cover |ayer.

For a cover layer refractive inggx of n = 1.7 this

limts the nmulti-layer stack thickness to

BENFHITS for dua) lays0N46-1-6:7. 0 mm This woul d be
CPitpeiciogite's By ot cg At faylt b Lot TG Bdp have 25%

nfor@eaphbitgnd Fig. 16 shown that the |owest value is

obtained for the highest refractive index of the cover
| ayer. Note that scaling of spherical aberration for
near field disk is not directly intui,five  f the
PPy plftat fae 5 D1 B E L ik YN X8 o' e
+HiggwiiR ke Rl R hiEkRKs 4k R6 pPHTBmWAHEADGER) a val ue
o?}%?owm /S?rm O:L!D RI\I/B, whi ch fpzr a spggﬂér%ayer of 25 mMm
+rtbick ipplyinees spazedcansn very Gitthd stuess Gesk siiskiHenfling) a  Duall

+Ia er Iu-raﬁ Disg The data in Fig. 15 and Fig. 16 ,
WRIssPafine puich fasir dben SPUHE e t heoretical results of
Ref. [14], show nmuch | ower values for the spherical
aberration than extrapolation of the data in Fig. 8
Polyaied coresr dorshig gels 6 edmparaé tamtiemtlicomerstoe Ml # 2.0di ver ge
beyond = 1). This can be.traced hack to the

+ PR beveoret famndl coRd R BrlSS alaer siass teperature on
pRisERhARlgi@perture NA = n sing which determ nes the
aberration (see also the remark nmade about the

+rayrees With sevaepad unu theckness &t abiposblern vithgpol@hersThe dat a
shown in Fig. 15 and Fi.g.. 16 also est that the

+ 20k Bebrie Pt rran e Sta (it Eoing cover  must
+@Einmﬁn§ﬁﬁ|chf£s@er‘¥f%?dpﬁttbﬁﬂ spherical aberration, and
that values lower than 30 m/nmm OPD RMS shoul d be
+wedced bansitivity o fmaliseratchbsear | y seen in Fig. 14, where
for ml we find A =0 The spacer thickness typically
will be less than 2 mm which nultiplies to 2 mmx 30
Pithh@Boove dinnsfoRdk fér Aual 1.6 8yBparB@®y Niti=2d 0: di sk. In
case the refractive index of the polyner cover |ayer
+agadies pat fastet mpstering chosen to be n = 1.7, the SIL

+shsqul d l{i)craf.frelrably have a refractive index of n = 1.7
SBIRSTPIU R o der to obtain a hi gh nunerical aperture

+Q§r§&m-t@§ﬂcﬁ@ﬁl&%in,ﬁl.mw¥ﬁ iPfortsBfor ef ractive
index of the SIL nmay be desirable, however.
+ larger phase change effects compared to phase change crystallites

+ more efficient diffraction for TE (and TM) polarized spot

Benefits of N4 = 1.6 objective lens compared to N4 = 2.0 lens:

+ larger air gap (40 nm versus 25 nm) allowed for same NF coupling efficiency
+ larger residual air gap error

+ wider lens making margins

+ larger spot for NA = 1.6: more read power than N4 = 2.0 (better SNR)

+ 1.25% smaller MTF cut-off frequency: less integrated media noise better SNR
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Exanpl e: near-field systemw th dual layer NA = 1.6
over single layer NA =2.0 | SSUES for dual |ayer NA
wO206710411€r i ti cal thickness variation for covePCamBR005/051245
spacer |layer - Light path and objective |ens
conplexity (focus junp, sphericag aberration) - The
avallablllty of high refractive index (">1.7)
polymers The first of the above issues

has been By etﬁgtq?%l%ﬂl tllngﬁnés%](v Ecév p%ﬁé) Bu?loer m of spacer layers

di scl osur e, er t ssed

doenevekuffickatly isirallebichessBariaioneAn =f Am,dmnt A, say its combined
probl em BENEFI TS for dual layer NA "1.6: Conpare to

thigkegssevarigy by loga than205 xmy wmpr@qa@: alstafig perrecipsiod docal temgth to
49\@? I‘ﬁé’ ?o &%ﬂg@%%%éfglﬁagglr @B ice elgygr F;cgglé}f&? R/aﬁ%%%%rm addition to the

dyndhiic 4irl gap @bBestonh several mm t hi ckness are no problem
spacers cause very

with polyners + thjck %’g
little st IB%QWPP%Fﬁ ﬂeﬂtéhs torage) lavep Fsﬂnc,f@%l’fslaﬁé apthetgame time the
S I
o B30 Bl TSI I ¢ BlL Do WP LonSRYFLo R prbbr Syncioons coupling i
ghawwe¢dower t hermal conductivity, this inplies a | ower

surface t erature ha e change djsk + layers wth
sever al H?Sétk‘?’f’e%%tg%\ PEU F%Y“efr%%ddt'}? ss{askacs E?fmg to some gap
el GnaP B iR faik B v%ﬁﬂlscﬁ)n‘éﬁﬁ’b’tolinﬁﬁlh fos§ tﬁaﬁ%smﬁ.l ess

di sk”bendi ng) + spin-coating nuch faster t
sput t er i nd conmbanhdomaesleysi andspager layes with Ithlsknm Uih’éﬂion of

S@S%ﬂ%&lﬁ?}{'_ %@]]\3(12 Ibgglﬁg ?(I%fg{]‘i for ({\IA gpeﬂ'éer _‘Waélglgngé in the spacer layer

el‘itﬁﬂﬂg’ge? ﬁl‘iéf %Eréds'bg P@%ﬁﬁk f8@rstcoAsl sTah&BkBktRe WhidR s HBWIR required in
addition to the gap servo, see European patent application simultaneously filed by present
applicant with reference number PHNL040460. Only a static focus control and spherical
aberration correction to accommodate disk-to-disk variance is desired. This can be realised
by optimising the modulation depth of a known signal, for example from a lead-in track.

Fpr 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, see Figs. 17A and 17B. The
air gap is kept constant (the SIL controlled so as to follow the disk surface) but by the lens is
displaced to gain focus on the fourth storage layer. In general, a certain amount of spherical
aberration will remain. In some cases, optimum design of the lens system, cover layer and
spacer layer combination will meet the system requirements, in other cases active adjustment
of spherical aberration will be required and further measures will have to be taken.

Note that European patent application simultaneously filed by present

applicant with reference numbers PHNL040460 and PHNL040461, not only apply to a

single-layer optical system, but to a multi-layer optical system as well.

High refractive index of polymers: an example of n > 1.7

High refractive index polymers exist with refractive index as high as » = 1.9,
see for example the materials made by Brewer Science Inc. The most interesting compounds

for our application seems to come from the so-called polyimides. Optical absorption of light
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+ |l arger phase change effects conpared to phase change
crystallites + nore efficient diffraction for TE (and

wOohospokiasi zed spot Benefits of NA = 1.6 obj ecPCVYaBloeF 651245

conpared to NA = 2.0 lens: + larger air gap (40 nm

versus 25 nm allowed for same NF coupling efficiency

+ larger residual air gap error + w der |ens nmaking
atrrawaialength 0fA0garm éplmgh,fht fmomelmzeem’@ ftes }%anqs@h/é@ be applicable
t.ha bette R F cut-off
PR il asb i ot EY ol BV TCE ol

SNRSt at i CThouriabdhotll hatk veafrddiiat iideg i €110 dndiabkdrption of k =
h of ,cover |ayer and a nunber m of spacer |ayers does
9 ﬁéWz sRcflym@n waferigls gyl speeifications 41 thigrange obparamptessyxist, see Ref.
[ .+Dhm say its conbined thickness varies by

H ss than 20-50 nm we propose a static correction of

focal | enps BorverttRapensdbSplion qeamibies £ ¢the dMeginkgart of the
plus spacer |ayer thickness variations, in addition to
retﬁtaetl‘cwlnéfm) angiof (thragxtinotioeceativeientythe follewingeeqnatiarhesn be used:

g @ 2 (storage) layer is in focus and at the sanme

A0NgY (My\mmﬁlme@@d cover Iayer is kept
constfant so thdt proper evanescent coupling is

guar anteed. The position of the optical objective
shoul d be adjusted according to sone gap error signal

Dggl 15&&!@@6@%&{{% |9ﬁ€§p oégic(_%"! Hes?% !&a?dbae M J\Al1%h| n less than

ayer with

ThiBided e 3s8ed/ hért at b Bxdfipls ob fasibilital was thedsby fgpticia) fee Fig. 19 and

the focal depth and a quarter wavel ength in the spacer

* !ga%r el i m nates the need of dynanic focus control of

P:irgﬁ‘leﬁ@ a%gﬁrhé’c?fo‘f’@ﬁecﬁ’bsi otherwi se required in addition
tot

e gap servo, Eur opean patent appli cation
- Glasuibbded ders| for 404 md\&gvekmg‘shent applicant with
& f_e{ nce nunmber PHNL0O40460. Only a static focus
ntrol and spherical aberration correction to

_%g;gp Dld@{&nggsg ﬁlqncillsgg)vari ance is desired. This can

I sed by optim sing the nodul ati on depth of a

ere
- $paosriayr giekness dune@eaapl®)from a | ead-in track.

- focus jump from data layer L, to L; with constant air gap

“The focus jump requires:

-change of collimator position,

-change distance between first lens and SIL.

Focus on Ly: NA = 1.50, OPD = 0 mA RMS, Conjugate dist. = Infinity

Focus on L;: NA =1.53" OPD = 14 mA RMS, Conjugate dist. =-78 mm.

Tolerances for 15 mA OPD RMS: Field: Ad = 0.22°, SIL off-axis: Ar =7 um, SIL thickness:
At = 12 um, Asphere off-axis: Ar = 1.0 um. '

The thickness tolerance of the BGO SIL is quite large, the asphere off-axis margin is tight but

feasible. This example shows that a dual-layer near-field lens is feasible.

Typical examples of lenses, correctors and light paths (see also PHNI.040460)
A dual lens actuator has been designed, see Fig. 20 and Ref. [11], which has a

Lorentz motor to adjust the distance between the two lenses within the recorder objective.
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For exanple, an objective |ens conprising two el enents
whi ch can be axially displaced to adjust the focal
woOengtiod4iaf t he pair w thout substantially changCngB1oh&051245
air gap. The air gap can then be adjusted by noving
the objective as a whole, see Fi@s. 17A and 17B. The
air gap is kept constant (the SIL controlled so as to
Tholens assemblydassiiwiele fiscwithipdhe agfuatpe The dyal; 1§nscﬁ0§lpﬂt<§c<@§318ts of two
[
o il HBEHER e Rb, AAERAPR M thagpfis IBAEAEL: The coits

art Wwabdaraadess ol adtivmlmsdﬁﬂd@ Andthi¢ heldéeib Suspysdeinm tWo leaf springs.
cover |ayer and spacer er conbination w Il neet

| a
Agyseriihreightherpilsis comhma Prewith fhcesiray disld ef thajtwe m?@ﬁ@ts will result
in% verfilf rférﬁ@ﬁa@ [ fidlk efﬂ'si {)(bépé?lvre%ﬂé'tﬁﬁgrtdg Eg a\fVE& hjaﬁ'f the SIL. A

measures w ave to urop
nqaafiekit deajpplmayatoob tiks theudrbwingan Fig: 24 | ed by pr esent

applicant th.referepnce nunbers PHNLO4 n
PHNLO4046% rﬁafﬂveowlgpd;rpﬁm tq the ong shyypin 161 gg,, 18,20 and 21 to

ch%‘ﬁgé ol ‘po§1ﬁor’i1 oﬁﬂﬁletsystélﬁ%%fn PiRé 'ﬁﬁéxaﬁiﬁé %H1u§ﬁné‘iﬁ b¥ the laser
H gh refractive index” of ponners an exanpl e

collimatieir timsyset Fag 22y er 4 switohaplel optiealslandng basadton electrowettmg or liquid
ref acti.ve | see for exa

ol Rt st 15 22 ony) ZBholand Eardr P R Sme e BEEuse, can be

mkaiﬁﬁﬁ@ﬁmﬁgggonpounds for our application seens to
come fromthe so-called polyimdes. Optical absorption

of lightat a wavelength of 405 nmis high, but for
sone materials it is | ow enough to be applicable
within the thickness reginme as indicated by this

i nvention disclosure. The material should have a
refractive index n = 1.70 and absorption of k = 9. IO
4. Polymer materials with specifications in this range
of paraneters exist, see Ref. [16]. To convert between
absorption quantities k (the imaginary part of the
refractive index) and a (the extinction coefficient)
the followi ng equati on can be used: neters. Dual |ayer
NF objective |lens: optical design exanple NA = 1.5
This design, used here as an exanple of feasibility,
was made by applicant, see Fig. 19 and Fig. 20.
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Paraneters assuned for the design: - dass nolded | ens
for 405 nmwavel ength - NA = 1.5 - cover | ayer
wohbeskness 3 mMmin = 1.62) - spacer |ayer thi cROESB2085/051245
mm(n = 1.62) - focus junp fromdata |layer L oto Li
with constant air gap The focus3junp requires: -change
of collimtor position, -change distance between first
Referenicesnd SIL. Focus on LO: NA = 1.50, OPD = 0 ml RMS,
Conjugate dist. = Infinity Focus on L1: NA =1 .53
OPD = 14 m RMS, Conjugate dist. = -78 mm Tol erances
[ @ érrgz Zijpsl anORRURVE.. Mermdvy, ‘Btatie t8stéi2for Shdra@érizasivh 9 op¥ical near-field
m”ri1 SIL thickness: Dt = 12 nm Asphere off-axis:
cqyiphng gomana‘tie UpieelSiersge vaH drarmeion ProsessyeoPmcecdiags of SPIE
he asphere off-axis margin is tight but
4@3@?%:[%7%‘?1@ exanpl e shows that a dgal - ayerg
[27h &amiliteSadtd, Fewtoins Ifldantd) ITakadlehdmlA@cahi[N slaiokf, Shin Masuhara,

Iense correctors and |ight t hs e S
o Zayyand l\éeapotrue ATYROIga BFAKAS B@ﬁ@aﬁ%ﬁ%@@y Memory
ﬁﬁ Qi &2 @bga‘r i%g el:llé]aNé’é@ Ffé‘% BPfca DS §kdn T hﬂ 7. Appl. Phys.

0 adj ust th etween the two | enses w't
41,lpp. 188862 r(200))ect i ve. The | ens assenbl y as a whole

' Wi thin t tyato The | ens
134 Y ven g e BRGSE Buinsy Bty o s ipRabic disk and
otsjedtﬁet’ |@062); sadniewtibAdipateny apPHEREdH SEMichBATMS 20041608444-A2
coil s are wound around the objective |ens hol der and

(PHEINIS020966@x i S suspended in tw |eaf springs. A
5 SR P2 COR L G S, i o
préfictive tlin f:(Weis‘ Qaytef'lﬁhclé/\ﬂnbdha ﬁﬁ& @ysftélﬁ” fseé Giterbhticial patentlappBeation

t owar ds_or near field design may

Pybdigation RQO4 %461'&% @903}(1)%02@@667,&! ternative
[53 'Tg&%ltﬁﬁgﬁ Cx%g%%gﬁ?ggfef ?ggféﬂ%lggIIJ?AgﬁHeegd]] ﬁlﬁZm)gJa%Jea'an element for

redodipg bigeal digortexainphte stoagdeussystemit, 1S 61060.85a$Rihuari 8, 1999).
[6] Wim Koppers, Pierre Woerlee, Hubert Martens, Ronald van den Oetelaar and Jan Bakx,

“Finding the optimal focus-offset for writing dual layer DVD+R/+RW: Optimised on pre-
recorded data”, (2002); see international patent application WO 2004/086382-A1.

[7] Tom D. Milster, Y. Zhang, S-K Park and J-S. Kim, “Advanced lens design for bit-wise
volumetric optical data storage”, technical digest p. 270-271, ISOM 2003.

[8] Imation Corporation, Oakdale, MN (USA), “Rewritable Optical Data Storage Disk
Having Enhanced Flatness”, US 6.238.763.

[9] F. Zijp, R.JM. Vullers, H.W. van Kesteren, M.B. van der Mark, C.A. van den Heuvel, B.
van Someren, and C.A. Verschuren, “A Zero-Field MAMMOS recording system with a blue
laser, NA= 0.95 lens, fast magnetic coil and thin cover layer”, OSA Topical Meeting: Optical
Data Storage, Vancouver, 11-14 May 2003.

[10] Piet Vromans, ODTC, Philips, see international patent application publication WO
2004/064055-A1.

[11] Y.V. Martynov, B.H.W. Hendriks, F. Zijp, J. Aarts, J.-P. Baartman, G. van Rosmalen
J.J.H.B. Schleipen and H.van Houten, “High numerical aperture optical recording: Active tilt
correction or thin cover layer?”, Jpn. J. Appl. Phys. Vol. 38 (1999) pp. 1786-1792.

[12] deleted.



collimator |lens, see Fig. 22, or a swtchable optical
el ement based on electrowetting or liquid crystal
worb@rioalls see Figs. 23 and 24 and al so Ref. [ PCT/IBlveses1245
nmeasures, of course, can be taken
si mul t aneousl y. References [I] Fepry Zijp and Yourii V.
Martynov, "Static tester for characterization of
[GYtB.& dleensten; S. Ku'@IeJd ScStﬂéiﬁngagB&h%dﬂi@daiks R-M.Sppersa) “Variable focus
e%}g’lo rég gjé%ﬁgtb a pzite %fg]r@?l%eﬁéﬁat%hlﬁpl 4 o%g%??% gfl S. Stallinga,
%ﬁ&aﬁ Rthnhild deidR, Wlﬁﬁk QQedﬁﬁiﬁd)@tlc:ﬂfdlz)ﬁhﬁigm Npkieakis 6307779 B1.
suhara, Mt ohiro Furuki and Masanobu Yananot o,

[143Seuerat opcehwavelent Reesertion ICPMPBASEYS'Si gnal and Ai r

5 SG§8 11 t‘ (?ﬂtw%i %ﬁ%g'& y%e ieqﬁ%lﬁ)%%%ag@t a%lgc%tlon publication WO

20@4)029949[&2 Martin van der Mark and Gavin Philli ps,
uea cI ea drgphobi c di sk.and objective,
B(é ks, | ﬁt%“r%?ﬁ’ &h §taﬁw£@e r@PtéFﬁbF‘iaB%‘Jﬁlgé‘ﬁVlce see international
pRYBY dggﬁEétiUﬁ 185%%%/@%‘3%709%{9??@&200666) [4] Bob
van meren;” Ferry Zijp; Hans van Kesteren and Martin
BAW ddendvikskS. Staidinga,dbatn plonteng t' Optcd keamnmpvdevidedypatent US

C dia and systeni, see international patent
10 63%?16@%% on publication 2004/ 008441-A2 (2002)
J(rPirMaQEQOféxﬁﬂa S, B@JmnTg%r @@5%1 SRR Hh @ paéamsl%sgmn B2.

California, USA including a heafing el ement for
[+ & Oaty, Si KanlY. Giakcmotps BnNaknog Kt Nakagavweg 8. Kpuchipama, K. Aratani,

“B 1m0 MR By b i anl QYT BRBerog: MDL Optica

Daef Stoaae, Waktonddr, Baly May20u0di ng the opti mal V
focus-of fset for witin dual | ayer DVD+R/ +RW

15 [thony $daime Y ubpre Weangy #all Mercgdeo@rgwerskeience Inc.), “High Refractive

BRI Bk A SRR g ovi

SYAedvaibesign2603. desi gn for bit-wi se volunetric optical
data storage", technical digest p. 270-271, |SQOV 2003.
[8] Imation Corporation, Oakdale, M (USA),
"Rewritable Optical Data Storage D sk Havi ng Enhanced
FI at ness", US 6.238. 763.
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[9] F. Zijp, RI.M Wllers, HW van Kesteren, M B.
van der Mark, CA. van den Heuvel, B. van Soneren, and
wQ@AoSMesashuren, "A Zero-Field MAMMOS recor di ngCESYB1085051245
with a blue laser, NA= 0.95 lens, fast mmgnetic coil
and thin cover l|ayer", OSA Topisal Meeting: Optical
Dat a Storage, Vancouver, 11-14 May 2003. [10] Piet
1s, ODTC, Philips, see international patent
appl i cation publication WO 2004/ 064055-A1. |1 1] Y. W
Martynov, B.H W Hendriks, F. Zijp, J. Aarts, J.-P.
Baartman, G van Rosmalen J.J.H B. Schleipen and H. van
Hout en, "Hi gh nunerical aperture optical recording:
Active tilt correction or thin cover layer?", Jpn. J.
Appl . Phys. Vol. 38 (1999) pp. 1786-1792. [12]
1del et ed. [ ABloptidal daesisthg@sysem f@a“r&%[rdln?anﬁbﬂfelaﬁlﬁga;smg a radiation
B.H W Hendrl ks, R M Shoeren, "Variable focus |ens"
bepsehaviegs wavelength Apfacarrd enspp datatstasreeaper of aniopticahdata storage
6 tallinga, "Optical scanning device
m%gﬁg,ga@g?&elﬁ]c\?g%g&% Eeal di aphragn', patent US 6707779

- Eie mddlth hdeivg halate rgtdmgal laydy whéemh >abaid aédvenlayer that i is transparent
mpensators:. S. Stalljnga, "Optical scanning device"
toSté@ focysest iadiation apargeia&qfovabbwﬁrclﬁtViw thigknpssdiopadha yfractive index

%?%ﬂa?%ﬁgégq %fers%eﬁg\gegn alcy gﬂyﬁgw %g&ir lgge(resvﬁa{\ﬁﬁg reﬁaectlve thicknesses

hianﬂeefrm:tuvemilcqsag eviterap ki lcat, ineh, publ i cati on WO

- GBS, Wi Pblaetise Bps g niReeital aperBiE A 0 obective including

a @éﬁi7ﬁ§§er§bn lehd-thd1i§ tedlfor )@%bﬁun@ea@h a't h I{ge workm dlstance of
tical scanning head", patent 6586717 B2. [1

soaalber thang/ 1 (Kebom an, oufermybsvofacd of $dak mediuka amb&megmépn the cover layer

stfOHF Bt BBt g APl iR 0T M AR MBSHcFh ks the focused
radRitiof BbarPdd eoupl N RS andRBEOMMR couplingliht MA¥ 0863 stokaRlmedium
Tony Flaim Yubao Wang, and Ram | Mercado (Brewer

dggieageardingregding, H gh Refracti ve | ndex Pol ymer Coati ngs

gg[ QOt oeéh%ac[e%&ﬁn%pl i cations", SPIE Proceedi ngs of

any one of by is larger than
bA(n jz — NA?
J,min = NA2
and NA <1n; and NA <np and b > 10, preferably b >15,

and the sum of all by is smaller than

=—/1]nf [ NA

P 8mnk

where n and k respectively are the mean real and imaginary parts of the

refractive indexes of all spacer layers, weighed with the thickness of each spacer layer:

m=1 m=1
2, D kh
n=—— and k =——

2h 2%
J J

where £; is the imaginary part of the refractive index nj of the spacer layer and
f is the demanded double pass transmission of the marginal ray of the focused radiation

beam.
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Systens Design 2003. CLAIMS: 1. An optical data storage
system for recordi ng and/ or readi ng, using a radiation

woearmloansng a wavel ength |, focused onto a daPar/1B2005/051245
storage | ayer of an optical data storage nedium said
system conprising: - the nedi uns4avi ng mdata storage

| ayers where m> 2 and a cover |ayer that is
transparent to the focused radiati on beam said cover

| ayer havi t Oy e ref.r. b ' X N0,
2t e data. ADSPRel raRiase SR e JabRadg ey T, LRGP
coraypoditi@iol M@ediegPeith iove spdebclipasses hj and refractive
indices nj, whereinj =1,..., ml1l, - an optical head,
with an objective having a nunerical aperture NA said
obj ecti ve,i -udi L o B S . j: .
3'adapt ed fé}rg%?{el%%fl gﬁ n%?rragéa%gtneg at &%h%rael{égl\%?l&?%cm&s L or 2, wherein
thditbickinse variat®meAt ef athspacty lagerfoventhawhold wedinst fulfils the following
surface of said nmedium and arranged on the cover |ayer
CIICHEMof said optical data storage nedium and from

whigh solid imrersion |l ens the focused radi ati on beam
Ahsk€eupl ed by evanescent wave coupling into the

opt #al stor age nedi um during recordi ng/reading,

characterized in that, any one of hj is larger than

and NA < nj and NA < no and b > 10, preferably b >15,
4and t he sAmopficaldhtatsforage syswid & claihed inbleire 3pwaeetitkthe thickness
respect.i are the nean. real . and..i rts of.

VgLt it g Baresdeiks v g o REakT s ¢ lowhedrterium

with the thickness of e r layer: where kj is
Aﬁﬁ%—t—ﬁ‘ﬂ?—w i apheosGyf=twfhe (Ndf/miict i ve i ndex nj of the
spa%’é@'“l% Y and f is the demanded doubl e pass

transm ssion of the marginal ray of the focused

radi ati on beam 2. An optical data storage system as

5.cl ai med i Anepadalnddta s%@%eﬁéy@teﬁi & claifiRll e sRPesH oiclditsa, 2, 3, or 4
medium wi th one spacer layer. 3. An optical data
whersingNA iglasges ansl-¢1 ai med in any one of clains 1 or 2,
wherein :

6. An optical data storage system as claimed in any one of claims 1 -5, wherein
hpmax 18 replaced by the following formula and the refractive index of the solid immersion lens

ngr, is s and the refractive index of any of the spacer layers is n;:

WRMS

e Wns)=UXA]
)=(f) - =1

in which the variables have the following meaning:

) =2~ ),

max

<fj> T 3NA [’7,-3 _(”jz "NA2)3/2],
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the thickness variation Ah of any spacer |ayer over

the whole nmediumfulfils the followng criterium | 4.
wénowpbsaal data storage system as clai ned i n eCailB085/051245

wherein the thickness variation Ah of any spacer |ayer

over the whole nediumfulfils th® following criterium

Ah . 5. An optical data storage systemas clained in

any one of | ¢l aipg 13 _ g’f 3, 2 0h pfy2 ég,grzel i2s_ e ger

than 1. & An optic data st or aye sfgtgﬁ?as cl aif med
of clains 1] - hrmey 1 $ replaced by

qu‘fcﬂﬂuﬂmﬁ ?Qhﬁﬁrgg R i ndex of {he

solid imrerston léns nsiL is ng-and the re¢fractive

i ndex of any of the spacer layers is nj :4in whichithe

vari abl es_h the,fal |l ow n aning: {f )-p *-Wand .
VRV st W PRI P TR An e gt e Bin; sPhERC1 sberration.
spherical aberration. 7. An optical data storage
systemas clainmed in claim®6, wherein WVRMS < 250 m
T.pr ef er abl fnepticel data sasage pisteeaselriped in Slajim 6, ghersin Wrws < 250
p f r recordlng and readi ng
“%3#%§9§ﬂ§%§ﬁggé @%ﬁ%@%ﬁh n?haV|ng a wavel ength |
and a nunerical aperture NA conprising at least: - m
dat a storage |.ayers where m> 2, a coyer Iayer that is
8+ r anspar eAfl optical Hatarstragsareding f9r resardiasand teading gilag a focused

radﬁ'éf(ﬁ{ bé&%’h%@ggla %ﬁi aBQ a%ﬂle?lcﬁlejtpre 'N‘ﬁ %Jhg%ﬁ %at least:

e data stor S belng separa
- nadager otagy iaygrsnﬁnment * Qﬁa tdwiec Ilayesﬂm‘sls h}anqraﬂent ¢d thedbeused radiation
i ndi ces nr Chara teri

bqamitthe S @(\mlgﬁvmlg a 1ckness hefing 2; rgﬁ?cé}VQég ﬁgﬂata,qprage layers
| be‘fng‘ sepafiid l')\%nfl %c@tnlgyé}s Ba\Jng r&%@ét%@ﬁkﬂné%seﬁjlﬁan@fé@ractwe indices

sum of i's Smal
nj, wherem j=1,. m—l

characterized in that,

any one of hy,..., hy; is larger than
bAyln? — NA?
j,min = N Az
and NA < n; and NA <ny and b > 10, preferably b >15,

and the sum of all by is smaller than

AL AN Fo

8nk

where n and k respectively are the mean real and imaginary parts of the

refractive indexes of all spacer layers, weighed with the thickness of each spacer layer

m=1 m-1
2.k 2Kk,
n=-= and k=——

m-1 m
2h 2
J J
where £; is the imaginary part of the refractive index n; of the spacer layer and

fis the demanded double pass transmission of the marginal ray of the focused radiation

beam..



where n and k respectively are the nean real and
i magi nary parts of the refractive indexes of all
weoepesandiiayers, wei ghed with the thickness of eathB2005/051245
spacer |layer where kj is the imaginary part of the
refractive index n,- of the spager |ayer and f is the
demanded doubl e pass transm ssion of the marginal ray
9f the fodmgwticalalitastorage bedivim & claimedpniclaain & sbgrein m =2

Shor ]g mqu eascﬁgnedlcrgﬁaams wherein m =2

gorpe %8% AGedpr dGPUt H¥8he spacer 1ayer. 10.
An optical data storage nediumas clained in any one
of clains 8 or 9, wherein the thickness variation Ah

18f any spaeapticalydata $orage medivphe) daimediinany ane pf daimses or 9,

5 \xfh%}cgu?YMeQQlc ésg %5 H)‘n %)i} é’f %ﬁ%gﬂ%éfl%er%?%%kﬁ]o@%edlm fulfils the
foRyobi bﬁmnﬂﬂl,of any spacer |ayer over the whol e nmedi um
fulfils the following criterium Ah and cos gm=J |

MAIn)2 . 8wl + cos0J ) 12. An optical data storage
nmedyym as clainmed in any one of clains 8, 9,10 or 11
wherein n is larger than 1.5. 13. An optical data
storage nedi um as cI aimed in any one of clainms 8- 12,
erein h r .
! he refr ag?ﬁxo N n @?Qe E%d Hfa%a%ulnn%e\@rlg%aaﬁl lguhlgﬂel%ﬂfthe thickness

10 vadativa Ahdfabespaetr layetrl ower thn cerolomedinyn Hilfils e foflawarg criterium:

layers isn: WM/ Z, =fiH,) - f j Hf in which

Aie var fabl es he ZOJ LY nmeaning: f s 2) =ns
2- \w1ms@wvéﬁfél\§6§€fb 1 (ln‘um oot nean square

wavef r ont spherl cal aberration.

12. An optical data storage medium as claimed in any one of claims 8, 9,10 or 11

wherein n is larger than 1.5.

15
13. An optical data storage medium as claimed in any one of claims 8- 12,
wherein hy,x is replaced by the following formula and the refractive index of the solid
immersion lens ngyr. is ng and the refractive index of any of the spacer layers is n;:
= WRMS
(7)) - 1)t A, J
(72)=(%)
20 in which the variables have the following meaning:
e !

() =gz =l =0 ]
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14. An optical data storage nediumas clained in claim
13, wherein WRMS < 250 m, preferably < 60 m, nore

wonefsaoanfy < 15 m. 15. An optical data storageTnemoies1245

as clainmed in any one of clains 8- 14, wherein the
spacer |ayers conprise a polyingde substantially
transparent to the radiation beam 16. An optical data
< :qrage nmediwm as clainmed in claim15, wherein the
ZglyTnﬁdezls WV curabl e.

nn;” +nn’ _(ns2 +n,” _2NA2)\/”52 — NA4? \/l’l,-2 — N4?

<fsfj>=ﬁ—é—<_(n2_n 2)210g \/nSZ_NAZ _\/an_NA2 >
: J n,—n,

and Wrys is the maximum root mean square wavefront spherical aberration.

14. An optical data storage medium as claimed in claim 13, wherein Wrys < 250

m, preferably < 60 mA, more preferably < 15 mA.

15. An optical data storage medium as claimed in any one of claims 8- 14,
wherein the spacer layers comprise a polyimide substantially transparent to the radiation

beam.

16. An optical data storage medium as claimed in claim 15, wherein the polyimide

is UV curable.



