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WD 2004/ 032134 PCT/ |1 L2003/ 000803 TI GHT FOCUSI NG
METHCD AND SYSTEM FI ELD OF THE | NVENTI ON Thi s

WO pwef08i1ieh i s generally in the field auto-focuBCTL2003/000803

techni ques, and relates to a nethod and device for
tight focusing a beam of el ectromagnetic radiation
while recording/reading information in a

t hr ee- di nensi onal storage nedium 5 BACKGROUND CF THE
| NVENTI ONTRHOHT FOUUSING METHODPANIEBYSTEMY i ces
have been devel oped being ained at significantly

i ncreasi ng the anount of recordable data, as conpared
to the conventional two-di nmensional devices
(typically two data-layer containing structures). 10
U S. Patent No. 5,268,862 discloses a

t hr ee-di nensi onal optical nenory, in which an active
medi um typically a photochromic nmaterial and nore

PR Gl e RN (s 1ol 1 et ana

of Suhmiashon svproibn b6 SR RS b ibleEhihes o rets
(L R Gor FB PR RFRR L pehBELLRIR AEencts TRl i whil
?é%ﬁﬁﬁ%&éuamgfﬁ%&ﬁhﬁdﬂqh a thREPERRhkMnaNdoBRa I edihi.

coincidently illum nated are unchanged. Later
illTumnation of the selected regions by two |ight

f??i‘gﬁ&%ﬁ%ﬁﬁ@@ﬁ? ?@fﬁ@é’;&ﬁ@ﬁf“ﬂ; m o fluoresee. This
uor Eﬁ%e%gﬁﬁlﬁ:hgig gletoﬁﬁﬁzﬁ hfegg%gpﬁ&;iegsehgfé %%?éevzeéoped being

store I nar d. et I "Tensi ona

ARYe PR s@@ﬁﬁ@ﬂﬁﬁb’in’&%ﬁmﬁ%e Bdhouif beFeRErdaBiH @ith Oy codhpared to the
2.12 mcrons wavel ength. Use of other nmediumpermt

thevanhiord- dinvedisiemsainapatdévices n@ymitaliyhr bee didam@rdayematontaining
forms, _such as polystyrene polyner solids patterned
ﬁfmﬁﬂllreﬁhui d styrene nononer. Three- dinensional

di spl v 5.Qr _qgther 5] eneit attegrns,. can al so _he .
cr ont A5 Ribnigtay oaoR887 R Reb B BB iohg bt mifnory, in
’é@%ﬂ?gré{\%ﬁvggrﬁgéu ’&gﬁ esgié%fﬁ 3?%Copt | ga Qfﬁélfarlo?l)}dcfgerlecgp feally
spisbappitangisanaiaciihad ime dhresidimpadibeal ahatrixt oypicdlly of polymer,
infornmation at hi %2 i nformation density, and an

opd iix Blunmipatedin gelected regioma hacmir bghtdyeansi of Ad2macand 1064 nm
The actjve di um.enpl oyed in the present 5 .invention

P Va[Chithe fp AaREE HOFE oIS xIPLOPRETS 0 2 Soc@id( Msrocyanine, stable
' |.C - ngi tJ fr a0t her, .
CRRTEEAE S SETOY e TN RRPLOE AR PR o
temporally and spatially coincidently illuminated are unchanged. Later illumination
of the selected regions by two light beams, of 1064nm wavelength each, causes
only the second, merocyanine, isomeric form to fluoresce. This fluorescence is
detectable by photodetectors as stored binary data. The three-dimensional memory
may be erased by heat, or by infrared radiation, of 2.12 microns wavelength. Use of
other medium permit the three-dimensional patterning of three-dimensional forms,
such as polystyrene polymer solids patterned from liquid styrene monomet. Three-

dimensional displays, or other inhomogeneity patterns, can also be created.
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"witing" electromagnetic radiation having a first
spectrum At the sanme tinme the other isoneric formis

w@e apabsa3pf fl uorescence upon illum nating thiBCT/IL2003/000803

material by a "reading" el ectromagnetic radiation

with a second spectrum By virtue of io illumnating

with a radiation having the fiZst spectrumthere are

created elenmental cells within a nedium mterial,

cont ai iSIgPatas TGB! | DT V,67 De dRRIMRed S# MBkilfod’ WfMmanufacturing a
t hereof, which can be either that formwhich is

dhpabicentd-D bpicad scemory devichianplementingar astive meidsum capable of
not. The.informatiqgn i.s_stored within the med|ium as

UoRRS daforpation &t gl dafosmation; densitheangdrsineptisrl snemeny device

t ' i ¢._far. ctiwve Lum_ 15 contained.

e ROER B, BiCRing® TS BBV Mo rOPRRVEE i dhe present
MRénttn 4R Gibtefinl Capaliis VFIRBGinbOn 8eAS D MBORrie foFf€ Transition
present application, discloses™ a three-di nensional

nfeomr gnea fian &6 umofler @hobé igdudetioupoat ilhminatiag \thisum@terial by a
conprising of an active medium The active nmediumis

c

AFHNE Jectrorapggichy mdighion havingse first spestymndt thersemectime the

formas a.r onse to.radiation of a |li.ght. beam_havi .

(3 BBt TR0P T FarPle SChRireSRoo®t pPop iihindRiEE g Mdldhial by o
n T . i - rat.d bet i

SRidite" RIERRGFRIE HGR Wil °6| Wi Spldhidh WY firtue of

riipresdatiigswith datadiationi hiavird) eheafitst CPedtRehh Where iré Beated elemental

menory apparatus includes diarylalkene derivatives,
taelle rwitlgiar a waadivmsnaisolal; erostaieingvatbisiagtialdy the same ds@meric form

LRSHeBE vihich pan Ree/Der Gk forth Meiabes capae Of Supeseenas e the other
i o . . o i . dj f

R hARR3R obE IRE DR BLOR UV L ARl vaes

ssAatell AR D aRIDBHO YL HERHMtheMROnRIRO f&iﬁlsﬁ @TH@% medium

out by neasuring the scattering pattern of the
i cntenedwithimelemeptai cells distoibatpe withindhe abtimeemedium.
custonar i Iﬂi{ been dependent on the ability to focus a

| aser WEARAT§7291asgiened o theoassigiee of dleg pissentiapplication, discloses
diffraction limt so as to allow WD 2004/.032134 .
?Z%B?PB‘SBQ@@GHJ%% gppgr@ﬂgegl% gstcg]mgagn tion in a volume

| iRt g 8f‘a1§§ctﬁ’ﬂ%?ﬁ&@fuﬁl.%°a&i% b RGE c%{;aﬂl@ of changing from a

storage " devi ce. I'S requires correction for opti

afxst t@hisetsnd idofmericafoernt as\® respoBdd 1o/ batligiic bpadiphdbeam having
optical information storage system having a

ranergy: substantiny equal o firg @ldrenirgy. hel cancentratien ratio between
dagléirsge for the carrier.. 5.The scanner produces a

r

309 BreoR ViRFTRALG o i SRY AR Yelums pertiop epresents a data

i 1 i i 0 o
A TRy e DL Dl LS R cerivatives,
deieRE AeAPAIRY, pbloeiBdérmives be i BptuRliBEfedt. Réhding the data units
perm ssible for the system The nunber of layers in

tfhemsthackomsric statesronh éee bgtivehmedium risidased on the fact that the two

isomeric forms have substantially different absorption coefficients for absorbing

energy of second threshold energy. Reading may also be carried out by measuring
the scattering pattern of the two isomeric forms.
Optical storage devices have customarily been dependent on the ability to

focus a laser beam to a tight spot of the order of its diffraction limit so as to allow
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di stance between | ayers, which depends on the
crosstalk in the error signals due to 1 o currently

waop®easnad | ayers. U S. Patent No. 6, 064,529 deGDIL20€3#000803

a nmethod of spherical aberration correction using
flying lens in an optical access device for a noving
optical data storage nmedi a. —Phi s technique utilizes a
single incident Iight beam and detection of

ifef b@edeizipSoPis hitich iAesMatioA st hessiiiéliopto Heesurface i the storage
lens is | ocated near an outer 15 surface of the nedia,

aleslicenThisjrequiraseorrengon forapsicelatfermativnhie f1ying | ens.
The flyi | e opjectiye lens co-poperate.to
subst J#r i’greyt No 32?4 lap%ﬁisgﬁqsss PR Rpeicak mefﬂ%a&%qworage system

3085 § PPBSE G SR PP 05, S RpfERR PR carce
CIBRC b gnriel Eproaa@ds Y erRiiRin GRhmAREHiERLis ObompérBatedatRNpherical
No. 6,091, 549 di scl oses a nethod and apparatus for

abpustiab fer a Zingeheight alf thbescaaning rspobwithc theostaclndf layers. The
According to this technique, tw _|enses

f ocusi ng. [ q A ) o
depaivt of %@e sipck s dgterngingd by dhe seaximynpspherigal ahswation sermissible
erration ensati gn and.f qcusi .of_.a li beam . .
TOF L sfiin, ERTRSRREF o8 Ty, B Bh0 s Beminfi by R Thimimunn
Chi 0 . :
KRR O MR R BBl 0 AR TR e sl cue o
dusieatig anbeinneé tayehe | ens pair and storage medi um 25
determ nes the depth of the focal point within the

st or adéSnalitenth Nohe,061,82Nadesciibes ac sxcthdd tafespleanicel aberration
whi ch.define the gir gap ar r ef er abl l.anar. The .
SPrERiSr us0g dusedet B R BB Eadediph 8T E oy optical data

: . ri . _
AR ARE AL AACENR AR e BOAOKLGhnd agion o
frefle@ibnl YofClisVIBshm fFng th@ imelid. f Bigee By iriglenh i€ Moca@&enddr an outer
is best for the focus |lens to have a concave WD

200049 37 1Bd rrcdia,l arDAB/AGEOBBB lend is spavedafromuthfeatiging lens. The
The apparat us .and net hod of the present invention

e enseand obiestbier leps comprely te sfstadilly afbbglip Metablsirange of
500 58l AebB5h BELLHH PRSP B b fRoGRbg pberical
%%rrhﬁo@ﬂfh‘?cflfe dibRlanBARY 8dncelfe aeg%\}e;@hgﬁ@%eﬁg@mdes

an opti cal ns systemtor focus I ght am
i nto dJ.8catent N 16009 1058 Rdisceks afmethod ahdrappttatus for adjustable

carrier. The scanning device includes a first )

spheragad r abiesiation seareastiag ak foawing yAewndingr ol this technigue, two
tical axi or focusing the |ight beam.on the . .

TBadsf msoneied . bY! a P hlS Yelioto T RNt < Phiriegl; berration

I . . , L . .
SR 88 RGN SRR S BRI o o sorage
lra&diem) U thiekhess PE e 4i€ gap detchiines ke a®a0M AXpHeMil @berration
is suitable io for scanning information carriers with

aompghsatidnoprevidesin Thendistance dbetheeastheflens pair and storage medium

determines the depth of the focal point within the storage medium. The internal

surfaces of the lenses which define the air gap are preferably planar. The external
surfaces of the lenses are aspheric to provide accurate focusing and positive
spherical aberration. The air gap between the lenses may also be formed by curved

internal surfaces, in which case it is best for the focus lens to have a concave
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exanpl e, high-density conpact discs. The auxiliary
lens is secured in a fixed position to the housing of

W0 b@4/082134 system while the main | ens i s suspePdBTL2008/000803

the housing in a direction parallel to the optical

axis by an elastically deformable nounting unit. The

| ens systemincludes a second4actuator for moving the

main lens 15 relative to the auxiliary lens in a

iRl isQffaba'Bid @ppdrdtuk hddopietiodl oPXieSpfeBént invention reduces the
conpensating for spherical aberration 1n a transparent
muotbec of optitad gemponenth eequiretldoran pplical data readinFwriting device.

the necessary power of the first actuator is Ijmte )
consi dépabtgit &MA&&@ d?ﬁq@aemr@nt %@nmﬁgﬁ@m@ fgr use in an
n in.theart to.fagilifa adi . e [ .
R b ST e Bule Btk MNP PRSI C BRI 16 fousing o
Eli%ﬂt PRARhERL sERRAAALPRTh 4 Fradk ¢Alad BFRIAGeN ARGrUTh®kcanning
the kind where a radi‘ati on response of the nmediumis
eheeickdhtladéya festcactuatgr foralisplaring the ossgstam freralie tofan optical
di fferent wavel engths and the excited r.es;g)onse is of

axigelipe fegwging the ight eam pa.éhe idermagion; greiere Al s aigtem includes
BRI SAR R U SR RS2k DR RLBSSE b propating e
JAPBIAR s Y FEAIGHEN ARrhie SRSt of s vl

iy 8t &ih Snforatibal Scakiderd ewith na) I ghn éoflosiyitib cleasidy, tsuch as, for
and the response of a third different wavelength is

texaimgple; dhighetessity rompabe disese Thiet auxilgy 21304 /i93®egwed in a fixed

PCT/) L2003/ Q00803 -5 |t should he. upnderstqod that the . .

tlpﬁmonrt@cig? 31@Hamg M dbe #as&wﬁegﬂia @ngnlh A 1oy I5spended in the
. tin e ' C ) S .

ARVSint! 1, = Apdn B ARIONPRRC GHRET. i PRI Rtically deformable

Sh&Git N ethledekPisRin BithRfes disebSiEAGuMBY RIr RGNS the main lens

(e.g., laser beam "onto the sane 5 site in a

trblagiee diomthns | auxdliaryektns minata daectous mepidistorMihe eoptical axis for
keepi ng the desired beam spatial characteristics,
toeEIenatiga ey sphericadiabgrration riace ransgagat proteciipre layer of the

medi um. The mai n.i deg, of the present inventd gn . e
Rl Blion oforfBIEa tn reeorebh E3NE Wl Brdngetuator is imited
3’%%{?%% aberrations over the whol e range of focal

epths t

at are of interest to a particular
i npl enentation. 10 As indicated above, in order to

f ' i gh f th
SR RE GRS TGFIOR 10,001 o0 Zpet o e
Ut ackgs 5 oo i b J2C B RERTHE A BEPREE gpformation
SgrS%e?sg%sb@hﬁé’ EBﬁEEtﬁ% fol RErGRARS AfPpHRBRAT Mel@BoR irfa data storage

|l ar optical setup is
medium of the kind where a radiation response of the medium is excitable by

exciting reading and recording beams of different wavelengths and the excited
response is of a wavelength different from that of the reading and recording beams.
The data recording process is typically concurrent with the reading process from the
same sites in the medium. In the medium of this kind, the reading and recording
beams of different wavelengths are thus to be simultaneously focused to and the

response of a third different wavelength is to be collected from the same site.
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dependent on the nature of the material the |ight
traverses and the length of the path 15 through it.

wOb@n/0saad i ng wi th sinul taneous focusing of tweCT/Ine3/000803

beans of different wavel engths via the sane

focusi ng/col |l ecting arrangenent, a problemwth

chromatic aberrations of focu8ing arises. The present

i nvention takes an advantage of the facts that optical

st or ageshollRY bé 8RB AGHSEL 1BBREM Yrélopding "dika hekdif signifies one
particul ar and known depth of 20 transparent
ofitherdatd writing anderasm@picebssean be excited to respond

to specific known wayvel engths of excitjng radi at.i.on,

and prléei EseniAnyention, GOHASS Jior i gusiggstwem exeilipg beams of

corrects for chronatd nd.spherical errat.i

ElOpRane e iR SAElsERs @l dRREp ogto the same
BRE ghca“ Ee-@ﬁgéls%rgﬂ 3H6JITRALUTri MY l8pths while keeping the desired
readi ng/recording data in a three-dimensional storage
esthugpatial gharaeteridficsyuhakby leinablingnedding rihdnreceordiag )Xata in the
incident |ight beanms of different wavel engths after
pacskimg ThiamoaigHdea E ke presegarerion eensists ef cqpensating for the

Shiniti g peac GtbGatons Sy s Mo EaR @ figfts that are of
(iﬁ“t%%rsﬁﬁ,ea é}ﬁgﬁﬁp}!{l fgﬁfen'f’e&ﬁ)ﬁem i nvention solves the
probf em oF ecty [ C

corr on o romati c and spheri cal

aber r afd PAgcabad AivieQld Blek e ehalile FoABInRos et begm to a tight spot
arrangenent to enabl e 30 focusi ng of two exciting

loif ght drdan®faits diffffactiemtlimivaside thyrelsy ahiow ders squdsizing\as much
2004/ 032134 PCT/1L2003/ 000803 -6 distanced from.e Cf{) .
defosmaon asppssille enipthe suitasriolibe starngrydeics. @ &Htlpglfﬁ errations

coi ni from theedi [ ectdin . .
39t Dol RRAT LI ot bErBHRE °f " Buk bl opical senp s
fdégé'r?deﬂ_g bf %{Ié £HUOSE thEMhaterisl theBLBIMPAREsNd the length of the path
appropriately designing the focusing/collecting
ahroagheite Wheén .dealing withbdmubthné@rss éscusingeiof twel diight deams of
5 accommpdati on and geonetry) to adjust a degree of .
dlifferegeeeslengthe vipcthe same fodisingéeallocting apppgamentaggroblem with

en artriving to e focusi ng/coll ecting arrangement,
‘\’/@?‘FC abaﬁé“fa?WBS&’g??"éléPrg@ﬁlsﬁg the excited Iight, and
the |ight %ﬁﬁﬁgc FLAth tdkeD ShVGRAntd @t%‘ the fgcts thatI ?ptical storage

f ocusing/to i ng" arrangenment an e medi um

sieQited MEveneistsnbfiBt swirdéd) datee Geithin to panidul&dand dhiown depth of

the focusing/collection assenbly receives a portion of
ttransparent ingterial, randndye myaterialocanhe £xeitedi tagresmindeiot spegific known

S{lé‘%‘rﬁ%}?ﬁt%n%%‘gg&gég ;rgg@%&é?%ﬂ tagg’é‘iliiﬁlélg tr Iaﬂk%{e? rg({ ﬁ%d fg}ifﬁl system
SR L ShupRBRE spf s APAARrBOR: ARG ) Mo particulr

tH @dhdeaTor £pRE0HIaPaaRtdrhee fxdiingd | i ght
propagation [ ocation, namely, respectively, between

t he f oWhse nedding/reording datariaragibnesrdinsandidnabstosgeumedium (e.g., a
and
monolithic translucent material), incident light beams of different wavelengths after

passing through a lens arrangement traverse two distinct materials (e.g., air
followed by a clear plastic) and is focused within the second material (storage
medium). The present invention solves the problem of correction of chromatic and
spherical aberrations by tailoring the focusing/collecting arrangement to enable

focusing of two exciting light beams of different wavelengths onto desirably
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15 between the focusing/collecting arrangenent and the
detector assenbly. Thus, according to one broad aspect

wo@Rooka21ps esent invention, there is provi ded BCTHEI20@GBH00803

for use in recording/reading data froman array of

data units wthin a three-dinensional storage nmedi um

the met hod conprising: (i) prbw ding exciting

radiation in the formof first and second |ight beans
8fstané€d fions bad eilRe GRES it @eaiin WAY AeRRERD Bxcited li%ht coming
respectively; (ii) concurrently directing said firs

foch tlee anetlihing whilee aomecting; forc chromgatichend spherical aberrations of
desirably distanced fromeach other sites in the L
f@@sm@(@ﬁ@c@w edtif ngs  émplomeatsd ghy @ppeopriately designing  the

ERU S Bl Adap bR ey e gt fpeir  relative
by tidg{;éﬂ@%&ﬁn&%rt%% ukg a_fdé%{ééqu{{%f%&l nvergence of the

spheri ca errations’of the lig focusi ng an
extitieg lighhbedms’ iwhseaurig ® thy foeustad/colfecsibg Rrfangdmént; as well
successive sites in the mediumwth varying depth of
ap e coltesiono ofi shegxeiitetl dight, endi the liglttl prnpagaticn iy bepeeen the
xciting,light beans and the, 30 excited,li thro .
oS g e e BOP B, eih e TRe Bl Showflh bg cRsed djat with
4 . 0 - . . .
Fraal i Pt TR e LBl e, Mbve guprrgon of this
lighBinpifging dnfe tHE@cisthg/RbHedting driiitoegRHt &R1 fitshs an excited light
détector assenblies are optim zed to be capabl e of
beamsfonpropagate wivartie acdetectongstangbly. Gdbasstiteotegmi dexcited light
desi r”abl‘y di st anceql, fromeach other sjtes in_ the L.
heeiRrarrrclied degimgusencheseinrmignilien sithey Pk pbgxelicd fadiption or
liaght, com fromthe. 5 excited Si in the. i u
i sSOTR By Pt Ring of M e teBy it d8uOF S pnamely.
?és@.@é@slél 2 ShetREER THO JBL R 801%tiﬁgtarﬁaa1§eﬁﬁhh aflfl thBemedium, and
exciting and excited |ight beansTand Deing arranged
bstveeaphe éstusipgydolleeting arasdeimens hod theadetepodr &3émbki. s

of the focusing/collecting arrangenent. One of these .
two | dhys,ageeondingeto jogedlropg nasireeto of dhe epressnt inwention, there is

Prstisd beonigh % ah g ot FRenage i it cATRGRY Sata units
?\Hﬁliﬁ E%l%%—%ehﬁaﬁalﬁﬁﬁg%ﬁﬁédhﬁnﬂﬁé LSk &&n%ﬁ@HE? nsate
or changing spherica erration I ntroduced by“a

ch@ngerévidiagt éﬂc@tﬁ%ﬁqﬂiatﬁfn inhenfogth Wi it andieedhd hght beams of
exciting light is being focused. The |enses of the
f ocusifingf/and|seewtd differant avayelengthshwspeativelyer ent surf ace
tri , at |, 1 f 5 th . f bei ]
g?{gﬂg ,c{nléc?u%rent y él?e%%mgosg?d Rrst aﬁﬁ second. llzcsi,llljtrbga(fr?ss an Ifgc%smg them

onto desirably distanced from each other sites in the medium and collecting

excited light of a third wavelength coming from the medium to form a third
excited light beam and direct it towards a detector assembly, while
correcting for chromatic and spherical aberrations of the light focusing and
collection; ‘

(iii) sequentially repeating step (ii) for successive sites in the medium with
varying depth of focus.
The focusing and collecting include passing the exciting light beams and the

excited light through the same focusing/collecting arrangement. The geometry of
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Preferably, that one of the two | ens assenblies which
is designed to conpensate for changi ng spheri cal

w@bmawosidon is | ocated closer to the nedi um ThCEIL206150803

may be a flying |l ens. That one of the two | ens
assenblies which is designed to performthe 20
majority of |ight bending may 7oe configured to define
two | ens portions of different materials and

m@@f@hrsingﬁooubai@ hﬁaﬂ%"&@em tah@ itseiRBoPAiddafba reMMvOed the medium
separate lens elenents arranged in a spaced-apart

rapt 4o ilight boyrce b detebir aptentdies axé eptiinidedrtoiet dapablegdfocusing
bet we them or_being attached to each other. L.
AAetbPE e GEItng ighitbegms tomsaiddestgply] diffanessk o qah other sites in

B el s Rk o Bl 6 St TRl Mol compigl rom the
GReRed tikcindhdaledang. of the two | ens assenblies may be
a multiple-lens assenbly, for exanple including three

spacedmpdotusing/telleningl emsageméhe sanprdesonwofl leme assemblies
depth of focus is prefer abléi mpl enent ed by di spl aci ng ]
accopgpdagddnan amtisal pabed the exditing sad skeitgdclightdeamsgind being

BB L e ARET B O SR s or
TS ob Bk AL PRIE GAOH 520 EFLLAAL00 i

dresogmete tinjpetyf i ligtt bendiagaehtivedfor thé Prlustagnstithg exciting light
Ceneral Iy, however, the entire focusing/collecting _
andaeojlavbing, thes exeieadl lighty fndyithe suberc dersndssdatbdy tisr designed to

oAl o aTp R o et Ao ch el B coBhiiom afhicknes
LA ¢ : o .

O BB BES O ® S ST Hu BTt Fonses of

trovmits cdlRtihe GsinBemes! hard ifftreR SuRROE %aneﬁ[b‘é, bf'Rast one of

exci ted beam propagation fromthe focusing/collecting
dhesarsgefaesstheily agpherishapi ng t he exciting beans and
post-shaping of the collected excited beam while .

corr eéﬂfﬁéﬁa , heheoncc S tsetvatleny gsserablies avhigutis pdesigned to

the 1o focusi.ng/ col | ect.i arrangengnt. .The . .
sPaweRsy? Ao CUe: e RNg Foden Rliper o theuegipm. This
t [ e or convergence when arriving at ,

tlﬁgs ﬁ?%%gifﬁg‘?%%?'ﬁécti ng arrangenment Several exanples

of pr eFlgbamiengf die twoskinb| Bsemblies Mhicts ialebigne@ito perform the
consist in providing a slight divergence or

¢oajvdtygeilight endimgmay be chefigred to dejfietwe Jens pertéang of different
n of the exci

P ks BB ko ik Sk 1
A 08 B LR o SAEPESRE A SREir vt o
apibetaédnomelor being attached to each other.

Alternatively, that one of the two lens assemblies which is designed to
perform the majority of light bending may be located closer to the medium. In this
case, the other one of the two lens assemblies may be a multiple-lens assembly, for
example including three spaced-apart different lenses.

The variation of the depth of focus is preferably implemented by displacing
at least one of the lenses of the focusing/collecting arrangement with respect to at

least one other lens thereof along the optical axis, and more preferably displacing
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- BHanEaBetiy by myreniihg 2he, PReilifls bedms A

the exciting |light beans. The pre-shapi ng may consi st
in collimating one of the first and second exciting

wo p@ho3tiaans and providing a slight PCT/IL2003/000803

di vergence/ convergence of the other exciting beam
when arriving to the focusing/collecting arrangenent
so as 20 to provide the senmi=8nfinite conjugation of
said other beam The pre-shaping may i nclude

eftlyl ihaRbheBdf Phe BASMsmBIdstwhichsit d@BiEnse¢o {p@rf@ﬁﬁithé Aghjority of
| i ght beans. The post- shaping of the excited |ight
bightrbendings Genefllpr bowevergtie detsier fodusingleplening anrangement, as

SOICEE TG o5 Lo S Lt i
s AT g P, 205 5y 0"

Accor dingdcéReditnt BErcRbRafc agReftiofs dfhedudMRIdJIRBtion may be
there is provided an optical systemfor use in

ceaddutgfuriasgdhe gxditing Heaos? propagataon tfwatds sheufocuising/collecting
within a three-dinensional storage nedium the system
euapgsmetig and gthea exeifsh beaur dsopagatiap| frogpdhabiasusigg/collecting

produce radi ation an he forg of

oS sﬁa?pfu];,clé :oiﬁ;hxe collected

C : 2&91k 1 b Ll 2 803 nar
\ré%glg%ecg?% ﬁy\?’ﬁ&er e%aéﬁaéfisﬁgg Iéeéxa?:- [ %aéﬁ%ﬁo% 8%13%9 aB}‘g/ by the
db&isaiy/cdllceithg agfangtient. Tet gR-shapinpecomibits i peoviding a desired

produce excited light of a third wavel ength; (b) a
degrect oof atbsertohyn f divergsve¢ viong comecrasdet ewhén glrriving at  the

ener at i data indicatjve thereof; c).a. .
3@@@&4@&%‘&1}1&@?@%@@%@ e g&e@%ﬁé@r#wmg gre possible: The
. . (o) .
SRR PR g LECARARIAER DM ASBIE b SPibage fcoch of
& WORMBNbead thbRbPCHRITRAR SeRR-iABhiRS iIc¥BjuledtibMf the exciting
medi um and to the |ight source and detector assenblies
ibeamg. ‘Oh¢ pré-gepingomagrenbist i peotiding at laesee degtaensf divergence or

i ght beans_and focusing themonto said 10 desirably .
GPBYBENGS ohneachcol beraciting beams, $oeasalel rroyisle it pefijggation of

S0 S R A B 8 ATt o
T

whé bthichexéitap beney when eetving tatheafogasiegicollectingeangtment so as
| east one of | enses of the focusing/collectin

40 paodentie sethiindinale confugabion cafi saick pthep beame The pre-shaping may
a3k POTEHIoR Qfedth SbFagERL A AroBd e gt Hgams. The post-
SO BB A e BRSPS WU v o
convergence of the excited beam when arriving at the detector assembly.

The first and second exciting beams may be, respectively, reading and
recording light beams, or both be reading or recording light beams.

According to another broad aspect of the invention, there is provided an
optical system for use in recording/reading data from an array of data units within a
three-dimensional storage medium, the systém comprising:

(a) a light source assembly operable to produce exciting radiation in the form of

first and second light beams of first and second different wavelengths,
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system and the nedium BRI EF DESCRI PTI ON OF THE
DRAW NGS 20 I n order to understand the invention and

W eooges21Bpow it may be carried out in practi cePCHIL2003/000803

preferred enbodi nent will now be described, by way of
non-limting exanple only, with reference to the

acconmpanyi ng drawi ngs, in whih: Fig. 1 is a schematic
illustration of a reading/recording system accordi ng

to Of@P@éfﬁ@y, 'ﬂl@éiébﬁf:netﬂ]ﬁfgl XA bro 6f dekPrablyddistadtiirom édch other
exenplitTy the operation of the systemof Fig. 1, Figs.

3A ansitSBndhemeidivng to prodace eseitsiddight of g leicd wastlength;

ti ght focusing/collecting arrangenent cording to .

ar(gg]hérdeéﬁ%%iaﬁ%ﬁblﬁffcqh@cﬁlﬁ’% e cxehichh ad: exgrating data

for use.in: Lng/ recording system WD 2004/032134
BSiBohasa:

PCT/ | -10 Fig. 4 schematically

1 lcyistd abesifo/EOMEing/ haRHEN NecOUThEHREE CRr dhe) gor:ﬁtféal path of
ye anot her enbodi nent of the invention. DETAILED
DESCRpRplaghtic diHEald\\ENiting\ dRef excitedy tightFi @. gebmetry of said
there is illustrated an optical system 10 of the )

pr esefftcusBrg/ solleating repngenisat angr 1t eacfionyredatinndirplgtive to the

informat.ion in . a data,storage L u dis 16.. As .. .
i c TREB0dD ERUREbHEY Bl bl Sheiihesheing Brimized to
one o s N : e : :
101 neMecuinline B SRduRE TRILRIRC 20" RoudhE (Lf] o said
sour c desifbde ditant Yeom acadk idieérasites mdndnapleléollcatiflg df the excited
tight focusing/collecting arrangenent 1o 14. The

pr esefight to/fonm amexicited Light beanito haslitgstedxtoithe dictsatasfassembly,

desirabhl.y distanced from each,other sites .int }
medi umkfvc%. qgrrectipg Kore ?@ﬁ%?ﬂ%wvafwr@gﬁes gP f%l,smsyand

" oxCi Ll : £ .
b e Blo R Rl {8y Rl SRR bemcnc
exci t gghvel #Nbad @A leriel BF Htk RRVSINGNRGIBctERThishdehRimt along an
the excited site. To this end, the light source

assenbpticdl2 agsnefathes focusing/ecitbctiegonrtargementngo 1thereby effect
beans Bl, and B2, which in the present exanple . is . .

i npl eivaridien B usepd ebdasus evhilg de cxeitingetadiagignaisgapplied to

12B, respectively. Lt shoul d be understood that thes

too. DESRSSiNe e n, e RN Rfint & R o tigfirapliciveen the
beans j ' so-called "two-photon
excitg¥$gﬁ§k@g?ég§gﬁhgf t he readi ng and recordi ng

processes, or may be respectively "readi ng" and

HEHEkE DESCRIPHTON O THE TRAWINGS Scece” 't "hou o

al so I?E o?(?etretg ’un%lertspa%%gtﬂe Iention and to see how it may be carried out in

practice, a preferred embodiment will now be described, by way of non-limiting
example only, with reference to the accompanying drawings, in which:
, Fig. 1 is a schematic illustration of a reading/recording system according to
one embodiment of the invention;

Figs. 2A to 2C exemplify the operation of the system of Fig, 1;

Figs. 3A and 3B exemplify three examples, respectively, a tight
focusing/collecting arrangement according to another embodiment of the present

invention suitable for use in a reading/recording system;
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specifically shown, that the |ight source assenbly may
conprise an additional |ight source generating

WO aitmsilean serving for erasing the previously PEDUR0eH00803

data. In this case, the data erasing process woul d be
acconpani ed by data reading, and thus the two

concurrent exciting beans woul@-create "erasing" and

"readi ng" spots. The 25 detector assenbly 18 includes

a photgslef adicRiatichity ilRYrake LEARRAL WL system according to yet
wavel engt h-sel ective filters and suitabl e optics
anothéneihbgdifreatief thg iopdiition) . The construction of the

di sk 16 does not formpart of the present invention,

except to note that it is of either one of ROM (Read

DETVAVERD PESYRREMIION OF THE ENRENTION) . and

recordable (rewitable) nenory types. Mire

speci Riegdtih¥ to Wis2 0tHePS H1ithsPEEA | dn2iR/0@0EA 10 bE the present
the present “invention is used with a data storage )
irscthtion | designed f for reading/recondingi nfiormatioanssl acdata storage medium
substrate. The monglithic nature of the stqpage,

(isley 16 As dndigpied ag)(l‘fﬁi ?}@rﬁmy TgLord oﬁ’lgnééPs either one of data
evﬁ,ranet rs._of i?h% gsiegk resulting in a honbgeneous

[ ﬁlé])g FRYPRRITG®and absor ption coefficient

thr Ouﬁe%gsfeﬁ? 19 ffctudes HOCR BhinO¥SHshRbtORR ! HMsNss hNEsht source
focusing device wth an aberration corrector of a

kissenibly d2ge dtedton agzambind 18y and bl tighe Hamising/cdlkeetidg skrangement
may for exanple be designed as described in WO .

a4/ The 1oesent InGR07088Ss sivrhangous gxstation Of glesirably distanced

S ol W B S AT 2 S,
gx% !ekgi{tilﬂgel%h%%&g% blsﬁfst 4 &l fferchf bvg{?%cr;%tll}?, erespectively, and

eriv ene derivatives or

idereaerh ofiag adcitbd ¢ighy beard agabilirdoivastiangthn@niibgrré@n the excited
first isonetric formto a second isoneric formin

site.pbmgEs endathiei ligitt sovzom asaebly 12 generptes st amd sedong exciting
RELR e SEIBL B Bt NGRS 8L ng sp
T SR ST T30 EDebBRCF S ou B Bl g s ovo

bl By bdBod “keadifie’y BEPothaRebdrliRigB Gehins, ¢BpdideFhb the so-called
?E%I%hgcal I yé)gcc))und%—-}atl her et o.GAI t er nat |gvel y the gihe so-calle

Stppphbiongexvitation” foxyeatie ofitheereading andireedrimgaprdcéshes, or may be
active nmedjumis honmpgenegusly distributed therein. .
Terperiively neepding? sanst ores@rdinga esmse soptidering therdata recording

Peofgst Aeccengpiet B T a2t POLER: BRuN ol i Minough no

SRS PR Rl VBRSO PP i SRR onal i
goeickigehenting eadialisosdvig Pergingthe pedonslytrbcedbdUata. In this
energy. Reading may also be carried out by nmeasuring
tchse, the detnearasing petoesy woukd ldhacaomepaniashiey datafreading, agethus the
disk 16 ma be.PrO\Qded vvitga e e T
two concurrent exciting beams would create “erasing” and “reading” spots. The

detector assembly 18 includes a photodetector that may be equipped with
wavelength-selective filters and suitable optics (including focusing optics).

The construction of the disk 16 does not form part of the present invention,‘
except to note that it is of either one of ROM (Read Only Memory), WORM (Write
Once Read Many), and recordable (rewritable) memory types. More specifically,
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specific coating, for exanple for the purposes of
protecting it against LN radiation. The disk 16 may
WO on4e3a8pl e be protected within a cartridge. PSI/II2003180803

nmonolithic active nedium 16, a data |ayer is

consi dered as one data set inscribed at a specific

depth (Within a specified totélance). Layers with very

tlght depth tol erance can be consi dered as having
?@eséﬁptulﬂvedt@hefss udéd Rwiklo Qs @latad Sirllod HhRITACES the |form of a

med as |l ayers with variable depth. Data is
nmnmﬂlﬂad tr?(rmiuccn’e stesteded)hé mendighici hatere Ioﬁyche shgrage material

ging the state . of the sybstrate within
Pa Pi @ean3 e of dhenoptical PRIBIaEFSt RE @scdéskofrew.@lg in a

BRRMehbS) BHBE6S WiaoRtn, A BS01R0G8 SoRc armebgut the disk

AheY kiews fef d@é‘igﬁ tgﬁﬂfeoﬁiéﬁéﬁg ®dvidd 9t BeABBrrafion corrector of a
different wavel engths in a |large nunber of |ayers wth

kinzwd chegehsf nmrttbn land oﬂ'ml@ ebehavioer The diay enay ofor example be
| aser di ade)

vari abl e depth. Thu ht sourcwé % )
dogigned éi)é‘ﬁ%l@dtla \j’é?]é)rl 3878 ang WQIB0A06RP, fath gssigned to the

\ﬁ”‘sjlslﬁétlée%géf Sﬁg $r8§ﬁn§ a%pilc% j ; aEﬂ eﬂgs te%hjglagﬁt:r%het Bubstrate
?%&ﬁ‘ﬁlﬁ NG lﬁgﬂﬁr#g% e[gﬁt ?lr omn-?% dlaf)lflglken@ HE&G4tives Otgi%he derlvatlves

anges Int rst | sonmetric

bbyeae deridlatie3rard @ixthey therdofpistofihe tygse da?)BbleSof changing from a
gg’rabl eto generate a "readi n% beam of [ight B2 o% 5
0

ustt iagmetrigafpemetoga keqondgeorpetig fornm in 1r¢s@on$e tpadighti hf:am having

ot bl el B ird hrpatef nesey: T pRSPRgHgen Tato between
ﬁégﬁgget ﬁ)gg&%ﬂd}%OH% r eag‘ﬁng OI‘?éO{qS:I p(rﬁlél@g r |Iﬁ§H gg&?‘%éﬁts a data

Th&. PRE E@ﬁ\l'eoﬂﬁe@ifurﬂ Ry BeOdthb &It GR adigp se]hg%etrnx which may be a
assenbl i es enabl es carry| ng out in parallel em ssion

pblynher, maddhagctivd mediuimds chemiallybeansl #redetbhdlternatively the
detection 15 of optical response fromthe disk
\mmmtlg amAtnRutBaY  boitervax eplcd pRicgbe nanddbe Wt@’ﬁt medium is

geﬂ%qlﬁfy A% et?ﬂ%? W& Bglr g@eflg? lg)ﬁgcﬁségsﬁ as a Yefied of data
uﬁﬁ?slbﬁﬁ reh&iﬂgt $a8sd ofraeiuing éfatheuﬁlltég np G ﬁﬁﬁeﬁeystates of the

include nore t an one | aser ode and may generate

lacgtd nfedauns iefdifférthepemionyay dheagivie medinggsvhdrt thdomd dsomeric
al so be noted that reading of information stored in

domnsghave ansybsis@ntlailw diffsrentahsaptioy cesicidnt domalsorbing energy of
ST EHAIE PR SRR GHEY IS<E i Friats g Breigasuring the
t
M s, 98, TR i
@Récﬁﬁb icBgting) fohexgile Foothe dulpesdl ob proteBihgl i@ b & s UVMadiation.

e emanating excited
The disk 16 may for example be protected within a cartridge.

In the monolithic active medium 16, a data layer is considered as one data
set inscribed at a specific depth (within a specified tolerance). Layers with very
tight depth tolerance can be considered as having fixed depth. Layers with loose
depth tolerances will be termed as layers with variable depth. Data is recorded
(written/erased) in a specified layer by changing the state of the substrate within

a localized volume element, defined by the focus of the read/write/erase optical
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light (e.g., 500-550nnm collected by the
focusing/coll ecting arrangenent. This |ight 25

wa@leooeosi1py assenbly includes beam splitters 20RCHIR003/000803

20B, which are preferably wavel ength-selective. Beam
splitter 20A transmts the wavel ength range of the

first exciting beam Bl and +élects those of the

second exciting and excited beans B2 and B3, and beam
pRhink ! The $28cnt 3odHtion ploRidaVRIr QGathit FDORIRE _o?qggm theams of
exciting "beam B2 and reflects that of the excCite

lifencBB wavelengthsatn al layges apmbat iofidapeswedh fid@l depths, and in a
i1 lum nating. (exciting) radiation and radiation
é@géinﬂédaerpgﬂWSeaf vatghle depd sk. WO 2004/ 032134

PCT/ 1 L2003/000803 -13 For the.purp s.of conrectin

chr onehLe JBF r e dSgr fasghiiptd2ay 18, pPetibiE ld Wnerate o
@ L© O hydids Gt 3 f

©ReOREhED e 20Nt bR TR 1y By 0% BBl INGHERT range (.
wisdbie dro0at ssbctrpat, ree@ Mo 60nih go feesans idaty wiaitd mcthiendisk, e.g., effect

arrangenent. W th respect to the direction of . )
fhoesh &gmgasnndhe mpediesaciremdthe dipshisomete farie te tecsticprad isomeric

B CER a0 ToH Raniile ¥ elEr e?e‘ké%%%‘@?ﬁ%@ Of light B, of a
%g{‘@%lgs a0 lel?gﬂg n@gﬁ% )the}g,e}ﬁﬁ{)rth@ e%&éﬁnﬁﬁ gfgs,?%Se(ﬁﬁM 89 affect a

I Ng e nain ctiom o

TRAigtHEN ?&gﬁﬁé'e oemesmedionficsthe iAtidenondibitiog BNAs indicated above,
exciting beans arrival at the focusing/collecting
axcitimgdwams By anld By tedet sempitamzbudbygioeesedfmaybe bethmeading or both
di vergence or convergence, 1o so as to enable

B ocusi ng of the two beans of different

wavel t hs 1.t he 4t h a 0 Lnalcol | ' .
arr angieotreredin B aleC e SYEHERAER AU sypplss canying
TPt géﬁﬂ%?éﬁﬁsbfdmt STEhEREAdIAE Al lvﬁmﬂ?aprﬁ&q b8XREBhE R detection
the same site (i.e., zero distance). The main
fafroptticainrespotiseefrdmotiic- dikla wittedut mes mautah sintstfsrente between these
providing a desired degree of divergence or . .
dight siggelsc dsoroteth abeye i the dighb sawicrrsserpllycmpn glsosinchide a light

SEUE B SRR SR SO LABE I Raflt B o
SRS LR 88, SO WA Ser weveent

|r@ﬁ$¢3$1t%ﬁéuldmlso?lé’&mtéd tleresting df infotm@icandtbed|in Wl 88k may be
of Tight beans Bl and B2 propagating towards the

finplenenged by ksciting gnd measgangtite Ramarmbeattesing fpgthesdisk.
Col | eSO 1 yalsRahe e 1 diarubs agatesmuent for concurrently
U L3040 B SEARR, o055 BRSO g cemen

R edifRank ftb ARG ldktekttrt DEENOBE M B, TRemeld Fém the emanating excited
focusi ng/ col | ecti ng arrangenent T4 is constructed and

diphit &¢.2d 5006 56nax) Icelledted by rthe fadusimgddolleptineg axwangement. This light

aberrations and the tight focusing of the .
directing assembly includes beam splitters 20A and 20B, which are preferably

wavelength-selective. Beam splitter 20A transmits the wavelength range of the first
exciting beam B; and reflects those of the second exciting and excited beams B,
and B;, and beam splitter 20B transmits the wavelength range of second exciting
beam B, and reflects that of the excited beam Bs, thus spatially separating between

illuminating (exciting) radiation and radiation (excited) returned from the disk.
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25 beans of different wavelengths into the disk with a
desired di stance between excited spots, and the

webdososast col |l ection of the excited |ight of BCT/i20e3/000803

different wavel ength range fromthe excited site. The
i nventors have found that correcting spherical

aberrations over a predefi nedl8hi ckness of a specific
material for specific wavel engths may be achieved by

usi ngFenkbe puposepaf abieedila clabmatic abeaanbhLef tight focusing and
first, main | ens assenbly I4A (which in the present

e&]dnqbioa fof ligh0 iz @3l ffeenPEnveleagds/ thespasm L0ials¢-tgmprises an

1 i.,s conposed, of, a single. lens portlon of specific
s&m@grgp Safd SHARIBE| HRSPADS 1 IRFALSle rymSHRRM: 106 %ﬁ cugingfcollecting

bt RER bR B0 Bitec Rhn bBroP Ry Bt the 4 radiation

{fhatsotaHlIRl Y ped @t feanf)Oant MR ShaeEIHREmS \& tleans located
aberration introduced by ﬁe changi ng of the thickness

Befwden thisi ﬁ)luumhgcbllgctthlg mhx@amgﬁrftcands‘ém detecter abdembly (the so-
aberration types that can be  corrected are those |
caldet e QoﬁyShlaP’@lgt WA siiegmait dUgetiomofi g detstshaping” means
thint i al | ud le . .
Shin oof @8&@3'%% Biss iftingo peetrifiel ok ECRfring collecting

i g&gnshl %(?%é an g(gtdkgraelé axi gq%%ﬁ]ga({l{’erggn%e % ﬁ%%\g:rgence
ls@ as taessbid bd)lﬁfarrem fdvuking oflthe 096 beahobf Hﬁf@eﬂt‘bﬁa@@hs with
accommodat ed downstream of the main | ens 14A, i.

éhleo@éme f@usmngdemng ansangpment. e desimhly distanesd éirom each other
o) teI si.gned t.o, correct for her
éﬁ&s W 8. thesinod 85 Sk gRon o ekl e dia,Sith site (i, zero

fe A t . . g
n e o#\@}] AN g(;sf il fpﬁéﬁ{s@ﬂ? el%lgg/?%%c&ﬁsm@ of providing a
@%ﬁhﬁi a@grew&mlwa?gaﬁ%dorf é&nv@fgmh@ @mﬁ@ exClﬁﬁg rb%ﬁmoévhbﬂ eaching

| ens’ surfaces. 1S At |east onhe of these |enses

dinel detBtarsassembhyl ¢o ahereyt ereabtippi frebisiagi aof this beam onto a light
Preferably, the corrector lens 14B js kept at

detecting sedees: ARe Pev-shapigand B%ttSM@mg.mwnsmcenﬁanﬁﬁd Ry a lens

ety R N S peesiot, oo Sk BEP TRC el P gpa 228

[
?%%Mop??%%? i hE BBUEANAAE, Y (i bodpls BYEhAS B, froBulifhg towards
e syt dollectinig a@angeasent ddt he densa2dB &osls@ at@mmadated in the
mount ed stationary. The stabilization of corrector

loptisalipshaef thef roliestel] skeitase beamnanchéhusi sarvesaps ke post-shaping
achi ev. i.ther by usi a_ nechani cal act
B, Pt <Smbiss b PG & s gpagation will
&% . stabilization by air
;blréglvt\}/g caﬁ%ﬁ@‘ bs?e@@%fﬁ& rot E{E’%n the so call ed
"f1yi mhel @g18" fochahgtblleSingrakanbemeit P iftonstrvolid @l operated
Fl ying Head Systemthat Featuring Dual - Stage Tracking
ftorengbke the correction of spherical aberrations and the tight focusing of the
beams of different wavelengths into the disk with a desired distance between
excited spots, and the efficient collection of the excited light of a third different
wavelength range from the excited site. The inventors have found that correcting
spherical aberrations over a predefined thickness of a specific material for

specific wavelengths may be achieved by using only two separate optical

assemblies - a first, main lens assembly 14A (which in the present example of
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H gh-Density Magneto- Optical Recording”, Jpn. J.
Applied Phys., Vol. 42, 2003, pp. 873-874). Thus, in

wao be4psasLerred enbodi ment of the inplenentati oPCDIL2003/000803

system 10, only the lens 14A is nounted for novenent,

while the other elenments - corrector 30 14B, |ight

sources and detector - are std#litized. This provi des

for the sinplicity WD 2004/ 032134 PCT/1L2003/ 000803

Tig. higlcappbiabbf hisinglofledsportion ¢fha specifidlfgedmetry and material)
mechani cs and feedback mechani snms are concerned.
deateneafarms thoweajerity af thechight banding raquéredtfioe thee fasmsimgsof light,

N I R S T —
TR S RS B PERLEENY 1 OB E R ictonss

¢hfoh@hidly tﬁ@‘l}igﬁﬂ He ki fotlse@NGeherally, abbirifi®d tyF8iSthat can be
mechani sm and novenent only of the main lens i's used.

Rosstisdeare thossl msluoéd biidighy staaersing thgughtviaoyingrdepth within the
ion _schene _are as foll ows:

begnme. 1) T
éﬁ@ﬁ%ﬁ?f edancidefr Gample SpRArkahA e@ﬁ&p@éﬂ&d&qﬁa&
[1i ' i nfd.ni ' ' ..Iln this
oo e nd ek 6D B, b ubl S Spasec-apar
A A R

genecttrdend¥4Bitglitg accommotiafed ddvensiesain bfdse 2R lens 14A, i.e.,
serves for post-shaping of the collected excited )
iséeser to the mediwadd, ThedensasukiAgndndtB pee apepeatelodesigned to

e ST SO IEN  S0 S 5S o edium by
ltﬁgsbéag}ﬁs 'dff 8 r@ﬁc}agja e%n%ﬁ%y tAlEtlé'ast B 36 $E b Nees Surfaces is
w | e descri be urthe elow wth reference 10

ey gisally Aspiibridy avieHTRb @esd Gbr b@lﬁ%)l@ﬁ@ﬁélfy $Hapebef the lens’ surfaces.
focusing/collecting arrangenent in this case are

d\elepbti bhedfi theTaldrses IdAandd BB i AnoTabde etang ithe) optical axis.
ea | and B2 are pre-shaped such that the beans
oexrably, Bierqapeeciar leRe Bciiskant et 8 qesigin pnuirniiganeniiom the

Q3PS B s 1A T Sl 0 06T SOTESRFE 1. e
L VBROERABHSANY BFYE MR PadsBERRI &ﬁgr@ﬁh the fddth 1&s assembly
conjugation). It should be understood that,

ddaefat mpovingedt ptegether optiead aagr whilofall iee exwrt élogents of the
beam divergence/ convergence when arriving at the
syelas Aljghbisorracsngletaciein gafe perreeiar)2 sre anawkiedy statipyary. The

. i at dj ust] i st bet h .
P e T
AChRVEE TAbr by istdY & I fnidal GcRlaforSARPSAGwhS or by appropriately

configuring a holder of the lens 14B to enable the lens’ stabilization by air flow

caused by the disk rotation, the so called “flying lens” (Satoshi Shimokawa, et
al., “Optical Flying Head System that Featuring Dual-Stage Tracking for Use in
High-Density Magneto-Optical Recording”, Jpn. J. Applied Phys., Vol. 42, 2003,
pp. 873-874).

Thus, in the preferred embodiment of the ifnplementation of system 10,
only the lens 14A is mounted for movement, while the other elements - corrector

14B, light sources and detector - are stabilized. This provides for the simplicity
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achieved with no specific optical elenment. Preferably,
however, a lens assenbly (lenses 22A and 22B) is used

WO 20040580134 pur pose. The | enses 22A and 22B ar e PCT/IL2003/000803

appropriately designed and oriented with respect to
the light sources 12A and 12B 30 to provide the
desired degree of divergenceftdnvergence of the beans
pr opagatl on, WD 2004/032134 PCT/1L2003/ 000803 -16

1%%'1 Ytgrlﬁtﬁé dteélgnf SCHS 20 M &BhhRS nd FeadURRIBOEANISMS are
It s oul noted, although not specifically shown,

thraderidie S%amaraﬂyy Hmveazenl at/ dehsb yonss iafgtheo bthenra@lemg;nts may be
| enses 22A and 22B and additi onalggns s in the
BlsvRb aqoa*tqlals nsmelyy A Ak ay destees ol ‘ﬁ?fgam gye Goncerned, one or

H’é’rgé 2’5{18??1]: ela{§| (ﬁsfﬁgtsy% grsnoqt;ao c% ﬁgovgﬁbfégﬁ%r%mé I]iﬁg corrector 14B
%r Lihii llriﬂd %E L figed H&Hﬁice %&ﬁ'th@ hid) Bither %5}%933{511103!1 tachfation or

nport ant not e In order to achieve tight

Bﬁ Quying léﬂsdmédhdrﬁﬁh; and ploveinkheorlyt ofithe ehain derssis used.
rough a specific optl cal path that for itself is not
cor r ePossdbleoexamnpleseafi the aysiemnaconfigiratione andcbegmy propagation

beans nust roach different divergence or

é%%ﬁgﬁééaﬁ‘g ¥ the focusi ng/ col | egtl on optics nust

acco -

foc ug@ ?fv )g?lﬁé%ggrg?nrﬁe‘ner gi r?g&%r om t%&%?gﬁé&%%% HBllimated

@ﬁﬁnﬁ@ fé@ﬁjdgaho@)b@i itk icage, eollineatinOlRnoest 124 anmzwmqirewded -
of the paraneters of the Ilenses I1n the case of two

tins @2\ nuthe aptiealgpatly ob Hghtgdrevated byiilight sourcadaAi, ané jens 22B in

o Ko S Tl S 0 S 5 e
1, Surf

B e SOV Bt A ins o e

éoﬁgé#ﬁs o Fé hHchb kit @ thpoﬁtﬂl% aberRaft&isAe af. achibied Q@mg lenses 14A

econ main lens -1.7270E-01 3. 3962E+00

afid Q183 ki fifel main ks 1dAeis paeferdbdy a “doubiéd3En8@ssembly, as will
1. 1460E+OO PBH71 2. 3583E+00 - 1. 7341E+07 Second
berdesoihedafithiehelow, Wb zeteatce 10 4138 8208B. Bagmueiers o the lenses

of the focusing/collecting arrangement in this case are exemplified in Tables 3A and
3B.

(2) Two exciting beams B, and B, are pre-shaped such that the beams both
arrive at the focusing/collecting arrangement as non-collimated (with slight
divergence/convergence - the so-called “semi-infinite” conjugation, or with
divergence/convergence at a larger degree — “finite” conjugation). It should be
understood that, generally, the predetermined degree of the exciting beam
divergence/convergence when arriving at the focusing/collecting arrangement can
be achieved by appropriately adjusting a distance between the respective light
source and the focusing/collecting arrangement. In this case, the pre-shaping is
achieved with no specific optical element. Preferably, however, a lens assembly
(lenses 22A and 22B) is used for this purpose. The lenses 22A and 22B are
appropriately designed and oriented with respect to the light sources 12A and 12B

to provide the desired degree of divergence/convergence of the beams propagation,
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Aspheric, higher order coefficients: Surface
description 2nd order 4th order 6th order 8th order

wao-roogn3xe f ace, main | ens 5.9857E-02 -2. 4349E-PGI/1L2003/000803

7.3797E-07 -3.8949E-05 Second surface, main | ens

1. 7276E-02 -3.2527E-04 -3.4591E-04 -3.2331E-07 First
surface, aux |ens 4.2350E-02 10 0412E-02 - 1. 4509E- 03

1. 0142E-04 second surface, aux |ens 2.6084E-03

Wwhild aAfividg at $hed o8k %?colledﬁﬁg'i&r enzéht VD sROOKY 818243t3d, although
PCT/ 1 L2003/ 000803 7- Surface description 10th or der
n@tgpecifivelly shownothabthelGue waydre adhievetd yuuding @ollmﬁtmg lenses

LS Sl S i 2 % oo 0305083 o o505 Bans B, and
B3 St R0, ol laosHE LS Al e sqacion o

F145¢ B&Ans A¥n laeriing af it lec@ing/éo E‘&Eanéém%ﬂﬁ?ﬁs @@portant to
2. 1608E-06 (3) Two exciting beams Bl and B2 are

note-thitaipentdeotosachione taghtttheusifg and icolj¢ativnl afedifferent wavelengths
arrangenent .as one collimted and the other sli

axrmfgmgp%ﬁv ePRfiGal Raéllarfhmi Aen Afseld BoApt gartieeﬁ@ah%rﬁ%romaﬁc
B 0as b i 3R, B PR gy e o
&%h sth@ 2R AR f@&@mggdoﬁ%w&l %ﬁﬁ@é“‘?fﬁﬁ%béﬂ?nﬁ%d&t’éefor the beam

ght source w respect to

vetrinog/ calveaince ®r gocwngedte wf . théibcamnamengddgy fronh¢he focusing
colllrrator is used for one of the bearrs whil e for

amd sphérigal mberratien gorreglon thlemm iesample ehdhe parameters of the

bt e e e 0 e R ‘@gés'ggt%ﬁw 36 dite sonjuygations) i
gﬁleﬁ rug}llﬁéjf\mltg%gﬁl?}é gfgv&q{e}‘@ﬂ&esﬂ LSO RLERRE S I td Bser source

eam arrives
to the disk).

Table 1

Surface
description Curvature Thickness Glass Semi-Diameter | Conic

First surface,
main lens 1.5251E-02 1.9116E+00 | PBH71 3.2146E+00 3.7301E+02

Second
surface, main
lens -1.7270E-01 3.3962E+00 -4.8148E+00

First surface,
aux lens -7.1443E+303 1.1460E+00 | PBH71 2.3583E+00 -1.7341E+07

Second
surface, aux
lens 3.8962E+304 1.8738E+00 -5.5793E+38

Aspheric, higher order coefficients:

Surface

description 2nd order 4th order 6th order 8th order

First surface,

main lens 5.9857E-02 -2.4349E-03 7.3797E-07 -3.8949E-05
Second surface,

main lens 1.7276E-02 -3.2527E-04 -3.4591E-04 -3.2331E-07
First surface, aux

lens 4.2350E-02 1.0412E-02 -1.4509E-03 1.0142E-04
second surface,

aux lens 2.6084E-03 1.9457E-02 -5.3978E-03 1.1652E-04
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at the focusing/collecting arrangenent. The paraneters
of the |l enses of the focusing/collecting arrangenent

wae@4o3a6pl i fied in Table 2. This table al so i PCT/UGe63/000803

description of the collimating lens in the first
optical path, and the "alnost _collimting" lens in
the second path, as well as thdse of cylindrical

| enses 24A and 15 24B (constituting an additional beam
shamwaaeans) In the paths of |ight beans eferging

f r om delv@iptidnght s ok gds ( di dUegller Thed#h prdeises | 2atinordand
24B |afiet sddéme.gned to correct for astigmatismeffects

of t|eaitfeesht  solir cBA6MBAT 4nd49AE-0And -§PIHREQI § hes1.35SSE-09

beansSBRdsHACE2 | respect ovi de
bt oty Ly oLe e obatos Los SuntiBoBl e ASirgs | vopszrom10

Tw U

anot h%Ptsag%c’e&Hx's 8o gs ¢ °L,|1'3%13‘65’ 2%A73§E‘37 2By 63005

an a .tf"“"' r HeRS—hot—shiow—ag¢confrodat eg—n the

opti eﬁonds% 170 0”?08’@‘113%1?E beaskrBh ang , B35 o qg P 9¥sEB6

t he desirred ueg ee Of Irre beamns

i .VSLEWJS%«EZ%?WG Sy dfing By ¢ Mg PEHPT; 1o erive at the
gg f@‘%‘i?e% ]ﬁg faf*r g &t 289 et %Oglﬂﬁat%ﬁe/ QStthéhG@fePg slightly

Ing and coll ection
IdPeedbing/dopvé fin6dits eafitbatien |Tfﬁ§tdaﬁfbe h&ﬂévedZE usin
V‘%%l% %/03‘2[1@%%1200%/ 000 al -j18 Table 2 Sem - Y s
s aollphaton fGuonbfithe Bainsk agssleﬂ 22B inithereptacal path of beam B,,
Di ode nodel 0. 0000E+00 2.7700E-03 0, 0O0QOE+00 First LD
asd iagpeapriate rtheacremmasagon of thespthenlightsorsorilipespect to the

e ectpg afiaBE ey AHCHmBRASL i olliglas dbbredpr one of the
iﬂ %Q%Ur gé O @1@%{1 4'6r O% Lél%n SRlifio R A iepvided being

ce 1.14 +00 BK7 4. 1558E+00
-apprope et Uesigned tand Recommodated with respect to the light source 12A to

provide the desired divergence/convergence of the beam By, when the beam arrives

at the focusing/collecting arrangement. The parameters of the lenses of the
focusing/collecting arrangement are exemplified in Table 2. This table also includes
description of the collimating lens in the first optical path, and the *almost
collimating” lens in the second path, as well as those of cylindrical lenses 24A and
24B (constituting an additional beam shaping means) in the paths of light beams
emerging from the light sources (diodes). These lenses 24A and 24B are designed
to correct for astigmatism effects of the light sources 12A and 12B, and affect the
beams B; and B,, respectively, to provide substantially circular cross-section
thereof. Yet another option is to use collimators 22A and 22B, and an additional

lens (not shown) accommodated in the optical path of one of the beams By and B,

~ to provide the desired degree of the beams’ divergence/convergence. In the case of

collimated and slightly diverging/converging exciting beams, the optical system is
optimized with the pre/post shaping optics for the focusing and collection, and the

results is the specified second "collimation" lens.
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“col l'i mati ng"
4. 3303E+00 -4.9254E+00 WMain lens 1st surface

WO 2002018302 1. 8161E+00 PBH/1 3. 9066E+00 - 2. 67 1BERO2003/000803

| ens,

2nd surface -5.6104E-02

Mai n | ens 2nd surface -3.9435E-01 3. 9384E+00
-1.3925E+00 Auxiliary lens 1st surface -1.1396E-01
1. 7942E+00 C0550 3.0176E+00 =982640E+00 Auxiliary
| ens 2nd surface 3.4459E-01 2. 1210E+00 -9. 2528E-01

Secongabie Aisti gmati c

correction | ens,

1st surface

0. OOOOE+00 5. 0000E-01 BK7 2.6651E-03 0. 0000E+00

Second LD astigmatic

correction | ens,

2nd surface

0./{0000E+00 9.|1761E-02 0.[0000E+00 | SeconidSemid g
" ddebaripticni ng"| Curetvss, 1st| Bipkfiace [1Glas4 7 8[Hiaxetet, 000 OBHO0
BHDigle i63HE+00 - D.02@FI3E+H04 second LD "|coRI7706E0$ ngL.0000E+00
| gi&stIPnd surif ace -5. 6104E- 02 3. 7080E+00 -5. 7874E-01
A stigheticat ed jabove, the system of| the present
i eRHgemsper at es to 5 sjmult aneously| focus_two
exX PSS beans—of - 0V%EF W o - 0URRRRN R sl oALE3EE ) r ARPAIE00
di ?t‘{étrlré)t;d from each other sites ih the jmedium and to
CO'?;’Z%%;;H e excited light of a third djfferent
wawgh erigich com ng fs@ayg he interrpgat ed sikgok9; f 0bBdoor+oo
anN |XCip ed 1 ght beam tp be detegted. [The requi Temnent
f grcdilgatidirst ance between| the sites is dictated by the
opasmilsaddce Node nf478Mmel 5yinerr+-6mr BKT acki nosssi@o dasb a260E+00
unitist Lm the | to disk, ahd the formattiphg of the|di sk.
W) "20dati0321314 PCT/ | L2003/ 000803 + 19-
lens, 2nd surface -5.6104E-02 4.3303E+00 | -4.9254E+00
Main lens st
surface 7.7291E-02 | 1.8161E+00 | PBH71 3.9066E+00 | -2.6716E+00
Main lens 2nd
surface -3.9435E-01 3.9384E+00 | -1.3925E+00
Auxiliary lens
1st surface -1.1396E-01 | 1.7942E+00 | C0550 3.0176E+00 | -9.2640E+00
Auxiliary lens
2nd surface 3.4459E-01 2.1210E+00 | -9.2528E-01
Second LD
astigmatic
correction lens,
1st surface 0.0000E+00 | 5.0000E-01 | BK7 2.6651E-03 | 0.0000E+00
Second LD
astigmatic
correction lens,
2nd surface 0.0000E-+00 9.1761E-02 | 0.0000E+00
Second LD
"collimating"
lens, 1st surface 1.1478E-01 | 4.0000E+00 | BK7 3.1635E+00 | -2.2673E+04
second LD
"collimating"
lens, 2nd surface -5.6104E-02 3.7080E+00 | -5.7874E-01

simultaneously focus two exciting beams of different wavelengths onto desirably
distanced from each other sites in the medium, and to collect the excited light of
a third different wavelength coming from the interrogated site to form an excited
light beam to be detected. The requirement for the distance between the sites is

dictated by the operational mode of the system for tracking the data units in the

As indicated above, the system of the present invention operates to

disk, and the formatting of the disk.
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For exanple, a recording laser is to be kept at a
fixed focal distance while a reading |aser is wobbled

wae@uhskishe previous |ayer so as to ensure traRKi/ngo03/000803

using conical scanning. This nethod of tracking is

di sclosed in the following patent publications US
20030174594 and WO 03/ 07724065 19eth assigned to the 5

assi gnee of the present application. These techni ques

are appPxhpkhr8ESAINE lakediskb e 189t @t 8 MMl Bcal distance while
r eadi ng/reco?dl ng 1n anm optical storage nedi um forned
afreadinpt iapdreist W@bbhadamroangeihel prediout dagert sé ag eﬂosensAre tracklng
l'i ght spot that is nomnally focused on tq a track
usingcecadcal reanning. Jus creihed oHaGeckpaiis Hisciaed fofs Sllowing

b PURLeAtias oS 20 Bed o4 ARY FREGH O B bt Fesiged to the

él ! bY $hOffre&dnt %ﬂgjhﬁ&? Tﬁ@s‘"ektécﬁn%@l‘éb Are affhe@*at@orrecting

rections | rece and used to termne a

theleiabi @rorsfwhils esqited/racordibpsiatar opticdl eotapaahediim formed of
radi al' and axial directions, and adjust a |l ocation of

nhdtipledttioky aspoged md&feicmgllayerSAAf lightespot ﬂ@t ifenominally focused
g deieogud 1A B MiP e CPacSIHPERE THPYARL Aiorpo is continually
g‘g%e%nl ol t ﬂa I%ﬁ ?{Cti%%l%t Re§ éﬁﬁp hﬁ@ﬁ%t amPhtude \{vhlch varies

Ilca Ion. ccor

E@éorﬂﬁfgc fd PédpRBtiOE ofﬁ@fskﬁoﬁﬁ‘ﬁib &adl 1hr1%ﬁﬁi1 UgRnkxial directions is
optical” nediumis provided to enable recording and

redeiveely ahdafsed rid atearniine af diogntioneofne despectiheffset from the track
formatter includes a clanping mechanl smto hold th
i diegial aﬁn@pﬁfﬁléhldltﬁﬁtllon&alaﬁér adiit 1o Jogulian 0! Itaasieading  spot

Feyate, ;&fgﬁguﬁg;% o %Fi.lé“ sBreligf P i i method
iOfistRSell ?&g%' ﬂriatrnl\'clll %";Baa‘t 'I‘i@aﬁ‘én Llé;sfi‘%ﬁecpfbethe assignee of the

actuat or St one relative'to

phssenedpplitationd a&@cdrdamgr tol ﬂn$ mechinidpes] aDIﬁcbnmatteln dodiisscription of
requiring tracking an adjacent |ayer, thus, recording

insarks nnm/eduayranﬁaoemg)mloal medivs ApEpdded énanahje aiecordmg and

Eét%%tﬁaf Bﬁ cupsfioR ok aedfnl T BuRBRGT iagheps ¢riamping
'aflﬁ Eid SHE rrﬂ &g, bh cﬁ;tfc%l %mf‘te&ﬂ rht%dt ﬁaf%ctug €t least one

IC& ance be ween t eam SpO

@fﬁﬁ{c'tibntlﬂﬁlt&@ Gpbt Qdthih $ﬁ@ﬁf&11thﬁta@%fbsb6@t1‘l'@b1@[§tﬁ therein, a light
Anot her exanpl e  (al so disclosed in the

abuonce- dpiinézetde dorc thep émsiiription. &f markenandpgs! leasit boe actuator for

assigned to the assi g ee of e p esent appl i cati on)
POYing e at least ok FRISHYY &9 ‘ithﬁ &1 ¢hdatailaxerls gpscibed onto

W7 S50 hecBudliy Veﬂ%%diaﬁéﬁ ?%Jeg Rl 3RedRidd T aghicved by
e S BT PR I (I BEER 7S %%Wéﬂ’éfé’?"‘;m"cess

and haddconécbéam-spet decoedingr data. inl e ssdomdl &jer.afijhe omgirement
V\e?rlljelrgin%efrgr% this setup is that the vertical distance between the beam spots will
be exactly the required distance between the layers. Another example (also
disclosed in the above-indicated co-pending U.S. patent application assigned to
the assignee of the present application) utilizes a servomechanism to indicate the
location of the read spot relative to tracks formatted in the medium. In this setup,

the direction and distance between the read spot and the recording spot need to be
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have this distance nullified. Figs. 2A-2C exenplify
the operation of the system 10. Three different steps

w0 pootios218at a readi ng/ recordi ng procedure are SPOIML2003/000803
corresponding to 5 reading/recording of different
sites (at different depths) in the nedium
respectively. It should be und@rstood that the beam
propagation is shown here schematically, and may
Ié&#@h exhOFhADELilREE tdthel D16 ARMLE- TIRS Simples HPs&h would be to

Iffering rom each other by the exciting béeans'

hiivd thad ditanicbeulldfiedsi ng/ col | ecting arrangenent - the
plane_of the main |ens 14A, nangly él) t wo excitiﬂg .
beansFigs. 2426} syemplitnshe opastiog ebtesysipg 10. Three different

sbf | atit, o gL o AT AT e o ST TP £ FrepRonding to
f&@l’ilgt?g?éd 9&1?1'566%.) AP BN € XGHek | Eiﬁ drerst aﬁ%}?ts}/ié)” dnathd NBedium,

ocust ng/ col Pecting arrangenent are slig

Pexpecvdly MEt stbuld $enindendtood tteatchirj bigamb ippapagatidh isashlown here
exciting beans arriving at the focusing/collecting

scheamajiablyt and mayokelaterta eithqri o ofi the abevig-dgsarihed)casemdiffering
4) 15 bot iting b i ving at t : .
(ol exeit oo e weoiid ng ot ey o lccting
| d Li oy i ugatq i L
Avaigensr B g Blans S8 SR HA3 100 narh By (O 0RPERLiHE beams
ﬁ%‘?&iﬁg%%ﬁé fﬁ%ﬁsfing/é@ﬂectﬁ{ga&h&?g%ﬂl&ﬂ)are tdoRlirfated drRNslightly non-

14A i S nounte or novenent wth respect to the

collimeatedy redp&tively (infintte apd stmidnfisitapomjggateams (Apboth exciting
whi ch 20 may and may not_ be constituted by a |l ens )
camFBIvingsit dhe foqusing/ ellosting aangemephareshightly mop-collimated

SSRURT E EL Reb L RE w0
e gboianse bamenChslcimilbe (sl dohgsaifiad (¢

bofi @&cithy Beaks rivingwar dse ifosusing/taliecting hirenganent are non-
| ens 14A noves away fromthe corrector 14B. It 25

];sbﬂhh@tedéo adarger dagrnekdligic sonjugpteny.i cal |y shown, that
t 4) (fini i ugat f h of
xci ¢ tRdhBesRy e bsempleRs 198 PR o whist B thota stlEgpmt to the
t STo e
PSS LARRATOL0, B4 U O, PR B A b ERE rovement

RESP8SIpetOtd iR OBPedteR 148 4 t@ﬁ&ﬁpl(egposttsh@piﬁgi Meanseds (which
assenbly is preferably a so-called "doublet™. 30 The

asasbhed nkes adt becosstitgteddhy edenn gssembdpgesmdencribed tabeve), while
present WO 2004/032134, PCT/ |1 L2003/ 000803 -21 .
ithe eprrpear 14Beaand iheipre/past shapmgsmeans kparg giationgrygnounted with
focusing/cal lectin rr e k k0 |

RSP T P, BRI RSB A 87 The oca
plane P of the entire focusing/collecting arrangement moves inside the disk 16
towards its surface as the main lens 14A moves away from the corrector 14B. It
should be noted, although not specifically shown, that for the case (4) (finite
conjugation of each of the exciting beams), both lens assemblies 14A and 14B
are preferably moved along the optical axis with respect to the light source and
detector assemblies and with respect to the medium. As for case (3), the main
lens assembly is preferably a so-called “doublet”.

The doublet-based focusing/collecting arrangement of the present
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wherein the main | ens assenbly is a "doublet" being
formed of two portions of different materials and

w@emamsrides, both being aspheric, and the entiPE&I/B.2003/000803

focusi ng/col | ecting arrangenent serves for correcting

both chromatic and spherical aberrations. The

different |l ens' portions LI aBd-L2 are desi gned so as

to process (focus) the beans Bi and B2, respectively,
afbntioncak | egémpksiciedn | RIS, 13A-3B0r HdEANNB3 fobukitig@ollecting
exanple of Fig. 3A the two different portions L1 and
bfangemeiieinchides| @ msaiaskestzsyernbyAlid4d amd taheortenton ddns 114B,

two spaced-apart |lenses. In the to exanple of Fig. 3B, .
PresengBe tnaRslens assemhly lﬁraetcrqwtlﬁeﬁ)%@ farchekifie pottions of
h . other..The fol] ow ng Ta 3 mplifias t .
giﬁ%{ﬁ% e?’%{e(gfaw h%ncgoé%%?t%gg’s géoo .e[hf gﬁ% n%ggpggﬁ?’ece{hﬁn gt he entire
%6@@8@%@1&1 ta%n%éﬁ@ﬁ’c escPles™ Br 3&iredigf eoth &Rromatic and
Comment Curvature Thickness d ass Seni-D anmeter Conic
Bphudriical abematiomsu Thaakff2ren®dais® porttorBazpind L, BBHIdsigned so as to

3. 2500E+00 -1.0431E+Q00 Doubl et secaond surface . .
prowes HanspisdremsoB: anddh. sepsstirelpoanl tpoeliecy excited light to

T S 10 AGS PGP 9idRE” o Loty PARES: noioms gy and 1 of
g IRBE R b TR G g A 3T By MG ghRltons Tn the

Axphpld of HizgBB! tl@és‘é?ﬁot@i@ﬁﬁ fli,camhIs: arSowee ldnsenditacltsy to each

4th order 6th order 8th order Doublet first surface

otleet0 Theofblloaving 0bable 3 sxamplificthe pesHaetessof tatiidogblet-based
econd surface 2.9812E-01 -2.9169E-03_4. 5E- 04
ogtiRgCoectng mTangemenf in %qwﬁa .@&&%ﬁz

-1. 2087E-02 -1.2758E-04 2.8437E-05 Auxiliary lens

first surface -8.6208E-02 -6.2827E-04 8. 6621E-05

-3. 6720103

Comment Curvature Thickness Glass Semi-Diameter | Conic
Doublet first

surface 2.7043E-01 2.3679E-01 | PBH71 3.2500E+00 | -1.0431E+00
Doublet

second surface 5.3505E-02 3.5875E+00 | C0550 3.0581E+00 | 3.3296E+01
Doublet third

surface 6.4068E-01 3.0014E+00 | -7.7739E-+00
Auxiliary lens

first surface 2.4287E-01 3.3156E+00 | PBH71 2.7030E+00 | -5.3456E-01
Auxiliary lens

second surface 3.1991E-01 1.4370E+00 | -9.3719E-01

Aspheric, higher order coefficients:

Comment 2nd order 4th order 6th order 8th order
Doublet first

surface 1.0401E-01 -2.7209E-03 5.3114E-05 4.8599E-05
Doublet

second surface 2.9812E-01 -2.9169E-03 4.0955E-04 2.6000E-05
Doublet third

surface 4.3648E-02 -1.2087E-02 -1.2758E-04 2.8437E-05
Auxiliary lens

first surface -8.6208E-02 -6.2827E-04 8.6621E-05 -3.6727E-05
Auxiliary lens

second surface -1.1991E-01 -4.2867E-04 5.2429E-03 -7.7184E-03




Auxiliary | ens second surface -1.1991E-01 -4. 2867E-04

5. 2429E-03 -7.7184E-03 WO 2004/ 032134
weEabAhsA803/ 000803 -22 Comment 10t h order

14t h order 16th order

12t PCDTIe63/000803
Doubl et first surface
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-6.5926E-06 -1. 7765E-07 5. 3165E-08 -2. 6789E-09
Doubl et second surface 5.4191E266 -1. 5094E- 06
-3.6657E-07 3. 7156E-08 Doublet third surface
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I ight source assenbly 12, which in the present

exanple. i ncl udes. t i_ght : B; .

et ccRbfrbbecnRie-15, ey PRGNt ap otical system

?6&),‘ ééc%@gé%géﬂ&'n& B eBbbEMSerA YTIHO ik ehfieh Ufbir #8ading/recording
enses and 22B (constituting pre-shaping and

dast ins hafislnd 6ndanficilitatedudderpraatimpalbhy sansacfeases ndmbers are

and 24B for affecting the cross-section of the em'tteg .
ssed 1o idensidi tbowl cempoments dhatoargsomeines| indheig¥gmples of Figs. 1

i LE ratert, A8 FigPebiors & FRRL JoPaRcRERPE dfprTogD in the
?Peseﬁpé it r&l%qnélﬁgﬁsy @%ggﬂﬂi@ﬂh@ﬂf& af09 28 aaRRESE %é%@mbly 18;

orrecti on asse at are arrénged In

yiae slectid deh@nspliteersi 204 naridh20Bptd ¢als paembBA including
of the focusing/collecting arrangenent, wherein the

ddrjsest224e dnein22Bs brmmistitutings prd-shaping sanddpestesheping, mesas), and

disk 16 and the aberratio 0 t. nbly .214B i .
BrelRibly Bl [asts T SO F AL BRALE RO EHINE O thgemited
£9214; and a drive

corrector 21 1%ggggsfo#ﬁéﬁggf)ﬁgé@?%hng#gés% errcal

EREDSS Y4
In the present example, the focusing/collecting arrangement comprises an

hems g on i's

objective lens arrangement 214A and an aberration correction assembly 214B
that are arranged in a spaced-apart relationship within the optical path OA of the
focusing/collecting arrangement, wherein the objective lens assembly 214A is
located closer to the disk 16 and the aberration correction assembly 214B is a
multiple-lens assembly. In the present example, the corrector 214B includes three
optical elements (lenses) Ly, L, and Ls. The correction of spherical aberration is
attained by varying the position of the corrector relative to the objective lens
arrangement and relative to the disk, as the depth of focus within the disk
material is altered. This requires relative displacement of at least an intermediate
lens L, of the corrector along the optical path OA, and possibly also a relative

displacement between the objective lens 214A and the disk. In the present
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20 attained by varying the position of the corrector
relative to the objective |l ens arrangenent and

WO edoavsmas t o the di sk, as the depth of focus wWehin20e31®0803

disk material is altered. This requires relative

di spl acenent of at least an internediate I|ens L2 of
the corrector along the optieaB path OA, and possibly
also a relative displacenent between the objective

| | . . .

SRS (e B0 e B e RIRE B e BARUMTER Lo and e
ivatleds W id dBiot inédis 2O hipcbeofltkokind® peenddingea mechanical

objective lens. The drive nmeans 26 may be of the kind

shsnlaetimentaofrébe aaoresstor dinsplace@nmaer tdivigg rthece@rector for

lens L2 or, a tor .drivi.n he corrector f.or , nmovenent
AP GVREHeAlgRE (TR OPERL A QA HofPiHELH<Gh Wik fhe mgvement of the

ty .. Of Si: ' :
TRSATRR o Ry RO SRR SEIPL, Affcd Bohavior of e
%Ph@ﬁcmibeﬁaﬁbﬁ #bi HRiviedrdeptifbffstudept h of focus. In
all the exanples of the invention, the novenent of the

opti cdh aBl theerxasiplesapfbthec amvantione dhbymesiemgnt of the optical
f eedback nmechanismfromthe photodetegtor 18 )

FrEFRt(Ye DY qqn&iﬂ?lﬁés byotisinge o dg a@[‘ mechanism from the
readi ng/ rrecqidi ng. 1o be o y rol l.e [ .
PRIIBLARE A8 bR AR itinbRY of Taf dL i cital{goording

Ustafi, G2 Rhby vl @siiillc@nudiigta Y@RIbhES FrdiR el nRitheniche device, and
disk In a previous stage. The optical systemof the

wpeReatly wigndémh infornetivgrkat was oeribéd ontd theadislbimagrevious
range of depths, e.g., 0-3 mm wth high nunerical
#fegture, e.g., NA>0.5, 15 taking into account the

et oo o B R TR A bR TP B v
S0 0 A D O ERRUSRRE gie e, 05

ahkip@mintb Ndcouhe thé Hatutet 6f ahe sidrapt emarfialigicerange of motion
i npl enment ati ons can be used. Those skilled in the art

widckessaepdidangd dbpr evivelengthsat ofroligliti aat ivsas while 2ontinuing the
changes can _be_applied . to the enbodinenfs of the ) )
PERT RO OHBP SphEaY @Zverrau%mﬂr theaiiplerignge of motion. Either

depargd . I | '
et R IBE A1El A5l AP g be usea.

- 24- ChypdMSikifled AnMBichad WAl resdly !ﬁp?ﬁ“c‘i’a{tg'tﬁﬁf meaHFiBstions and
data froman array of data units within a

changes can be applied to the embodiments of the invention as hereinbefore
exemplified without departing from its scope defined in and by the appended

claims.
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t hr ee- di nensi onal storage nedium the nethod
conprising: (a) providing exciting radiation in the

wo eoom0s134 i r st and second |ight beans of 5 fiPGL/I120eB/000803

second di fferent wavel engths, respectively; (b)
concurrently directing said first and second |ight
beams and focusing them onteZ2desirably distanced from
each other sites in the nmedium and collecting

excited light of a third wavel ength comng fromthe
excitﬁﬁ%site inthe mediumto forma third excited
ﬂ?%ﬁ@ *am and direct it towards a detector 10

82&139%8{4?1&15% l%‘grregglicu qafgg{gs 3&@ Toe 'arg @?qgg@ffp er{lﬁl?sl within a
(s SAETRLAN b ERERL AT 5RN0 Lkt shocessi ve

varying focus .
Th efdﬁirb&l@lufgf exXdifth gNeddiatible ie tHe fo?mdof ﬂ%ﬂ%‘nﬂ%e@&‘i’d hght beams of
colI'écting include passing 15 the exciting |ight
beans fastthrtdreecenxd diffedertivgdviel engtlo gdspettevedgne
focusing/collectin arrangenent. 3. The nethod of
O a(fmopncyimentlyi diredtingy Hhyangy seggndy light beams and focusing them

orat i g 'aﬁivt (BthosRl RO B ViRl SRt (B SRR M Bottecting
det ectori1af 3P dres (R @E&éléﬂ%@dﬁ . gﬁ?e%{aﬁpﬁ{é ex&fed site in the

focusi ng eaclr of the exciting eans to sald

desi r ah¢diugh &t forced third exeigahlighthesans khé dirgodit towards a detector
collecting the excited light fromthe excited site in
t he nedsamblyd whilsecoreachiog ior dbrernatic andrspberioi eghsicrations of the

ans JOR RS Sl Roed | n an optf oAl path of i he
cpel Qo ndt ey ORI DR St 08 e Aium with

the f agegin nggl/e 60 dEERdIg arrangement , one of said two
| ens assenblies being designed to performthe

r2aj dhe tryethbd lof ¢Hainb dn dvheyeinesqud femhsingr artch eoMemmgiingludé passing
the exciting |ight and collecting the ex0|tedl|
dhel etiﬁlémgtllﬂ@g beams ang theyexgiteddighy it sag ﬁ@cusmg/collectmg
es| ned o0 conpensate for changi ng spher| cal
6?15@11% WO 2004/ 032134 PCT/ | L2003/ 000803 - 25
it y
i Eﬁ%‘?ﬁﬁmﬁh‘éﬁgﬁé“?‘??ﬁ i ME'RRERAY pf STk g collecting

Tdreangetlentaraf 1t§h®ddﬂmﬁodaﬁtﬁf ﬂﬂlattmeetbdhé entglham eihdttbdight source and
focusing/coll ecting arrangenent have different
sdmcmreasgembhw s Optimizedaior bo eapadie vhdeeusing padesf the exciting

%hrt]goeamsa%psald ci:esuably distanced from each other sites and collecting the

b

excited light from the excited site in the medium.

4. The method of Claims 2 or 3, wherein said focusing/collecting arrangement
comprises two lens assemblies accommodated in an optical path of the exciting and
excited light beams being arranged in a spaced-apart relationship along an optical
axis of the focusing/collecting arrangement, one of said two lens assemblies being
designed to perform the majority of light bending required for the focusing of the
exciting light and collecting the excited light, and the other of said two lens

assemblies being designed to compensate for changing spherical aberration
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6. The nmethod of Claim4 or 5, wherein that one of the
two |l ens assenblies which is designed to conpensate

wo e0o408eaBgi Nng spherical aberration is | ocated PCDH200X 00803

the nmedium 7. The nethod of Claim&6, wherein each of
said two | ens assenblies conprises a 10 single |ens.

8. The nethod of C aim6, whekéin that one of the two
| ens assenblies which is designed to performthe

Rt RIuctd b9Ta dHafBe iP£ RAERKEsS §f ARThbAMAERItd FhEef he@xEMBg light is
lens portions of different materials and geonetries.

Beinphecusetlhod of C aim 8, wherein said | ens portions
are separate lens elenents 1s arranged in a

Spablsl-methed pe| Glamndhi wheresh gaichdewsiss i oflthaxfosugigfeollecting
bet . 1Q. Th .hod, of C ai .
AEREs RS RS difreR s orlo gt s P Bt Biess sfaces being

atgipged in a spaced-apart relationship along the
optical axis and are attached to each other. 20 11.

BheTheidedtbdodf @hymaher §f whireinnthatoiicoflthe twoders assemblies which
|l ens located closer to the nmediumis a flying |ens.
ivdestgredntet dooepapsatelfar ehanging sphopicel shanratipatis foeategtcloser to the
the.two | ens assenblies which is designed to perform
R4 ority of light bending is located closer to the

o1 W toetbtF o DFRS, 8. ¥nBlal By St €880 JR AR Bes comprises a

amplonasof Clainms 4 to 12, wherein the varying of the
depth of focus conprises displacing at | east one of
t8heThe nsatlsod bf Chaint 6. whieraipt ¢ludtlometofrthe tworlang essentblies which is

with respect_to at | east ane _other, | ens thereqf alaqng
sgsigped taperfoim theyarjordy oylight bendingds sgn sumeédpickgne two lens

arrangenent.. 14 The nethod of .Cl aim 13, conprising

é)logtbq c'Fﬁﬁﬁ rﬁ:gt ngeﬁ’filshad.'/djc%q%%??ﬁﬁg 30 arrangenent

L& BRARG of €14 ' ¥ RRAL 34 te 1 t
B ThE AR5 sl giaihe syberthy M RO BORRAL e scparate long elements
Grahped in haspided-speet edlatidriships aloyp the optitdleaxde ptith afgap between
focus conprises varying the optical path | engths of
tthemexciting |ight beams and the optical path of the

S The okl o L0t o GRBIE A s A BB O
S GRTI BBl A oo B ROk i o
reaeh bther.

11. The method of any one of Claims 6 to 10, wherein said lens located closer to the
medium is a flying lens.

12. The method of Claim 4 or 5, wherein that one of the two lens assemblies which
is designed to perform the majority of light bending is located closer to the medium,
the other one of the two lens assemblies being a multiple-lens assembly.

13. The method of any one of Claims 4 to 12, wherein the varying of the depth of
focus comprises displacing at least one of the lenses of the focusing/collecting
arrangement with respect to at least one other lens thereof along an optical axis
defined by the focusing/collecting arrangement. |

14.The method of Claim 13, comprising displacing the focusing/collecting

arrangement with respect to the medium.



17. The method of C aim 15 or 16, conpri sing
di spl acing the nediumw th respect to the

w0 omuesnes col | ecti ng arrangenent. 18. The net hpdI/of20emp0803
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one of Clains 2 to 17, wherein the correction of

chromatic 1o aberrations is carried out by

pre-shapi ng of the exciting b@&mrs so as to provide

arrival of each of the excited beans to the

fBCyRL REARAL beGhy Bile FFICERBTERS 1M (Whefein URS Vi§thgdepRalepth of

of the beam di vergence/ convergence, and by

Hosus ainagrisey vafying éhe eptivial pathHesgths of the awitprglightdetins and the

excited beam arrival at a detector assenbly with a

epsicelepatbegl the excitadelighicvhilg nyepagating towards and away from the

di%/fgr ence/ convergence, while correction of 15

JPFfEP S?Spggw:{%ti on is carried out substantially by

t i / i1gg . . .

o Tpe e e’ GROIERE 130 cqPipiggRPlacing liglh Solfets) Wtector and

%Qﬁh@%’/ﬁ@l@tiﬁg&kﬂang&ﬁgﬁtaeitbfespbmbgbmme/dhm.ver gence of

each of the first and second exciting light beans' |

a7 The method ph€ldior Us on gpcermpising ¢lisplacimg thesmedium with respect
em - 20 infinite conjugation of the

th royi di
ftngféH%%bﬂh%%@%geﬁﬁmTh_e met hod of O aim 18,
B g By ERTSSRID1439%) ERIE 0B el i chromai

a6 Sasicli it By Ph-shabamief \the Bxdtihi Weathsado b€ provide
focusi ng/col l ecting arrangeirent, so as to provide

farrivaleof eavhjafght iexnited bedmes fo thet foensingotectingxarirarigement with a
l'ight beans. 25 21. T(r;ﬁ nmet hq%gc of Caim19 or 20 )
dsied stegtpepalk theneasn dHvereen Qv e i By zpst-shaping of the

b0 Pransp s s BRTAAH LR b ARERE btestor asiepbly with a
g&rs[rgé F&gfgengf |t}Leg Bkcigﬂuﬁé‘ﬁntcﬁveﬁ SYdeARrivBReH8S | WhHle correction of
0 2. The

egree the eam di ver gence/ conver gence. 22.

brich]ofabéiratidm k9 carrietDd, outospbstantiedlya dsyo ntiwe d fdéusing/collecting
the 30 focusing/collecting arrangenent at certain
dirgangaeest.f rom t he first and second |ight WO

B i neiiaiod pECLUELRG YRR BILRE ST GUPRE ROV a small
S i doal ey umhaenp AT oNEe ) S8l gy o

fReus’ neficiok! &cthenbeasingole®ily addngehentMeidielsly ptoviding semi-
d ai m 18, erein said pre-shaping conprises
ciaffinitereonjugatioreof thedirst and seconst beamss.second exci ti ng

B PR TR R e bR SN pe P hgring SpHpFsPSRrosjding o large
FRSHRY 6L B RSB RUEE of 400 W B g eciin i
SEHmd WhéMbkfving at the focusing/collecting arrangement, so as to provide finite
conjugation of the first and second exciting light beams.
21. The method of Claim 19 or 20, comprising passing each of the first and second
exciting light beams through a lens assembly appropriately designed and oriented
with respect to a corresponding light source to provide the desired degree of the
beam divergence/convergence.
22. The method of Claim 19 or 20, comprising accommodating the

focusing/collecting arrangement at certain distances from the first and second light



conjugation of said other beam 24. The nethod of
Claim 18, wherein said pre-shaping conprises

w@odosiosasd ng each to of said first and secondP@RDL20031H)0803
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| i ght beans, while propagating towards the
focusing/col |l ecting arrangenent. 25. The nethod of any
one of Claims 4 to 24, wherei®that one of the two

| ens assenblies of the focusing/collecting

aoupdRg Cp@ Rk atindedaid Firdta@dtsecor] Bl bdahst Beprovidl #e deSired degree
kept at a constant distance fromthe nedium and at
| fadtvergencoichavergents of ®acli aththef dicstsamdy/seodride dighhdpeams when

arr.angenent i s noyahl e al ong the optical axis. 26. The
AT %ﬂl%fﬂﬁuaﬁéyceﬁe@% EANESMEPt o5 wherein said

ypl e- | ens loy .. 1C ri thr I e
% THB afeb RO DR S 3PP e R B P By S a5 olipating one
fl the Bfst FIE sERINACExQiinS 1N B&m'asd SirBviRidg! av &Ml "egree of
of the depth of focus conprises noving an
| divengorch/edrvergeacefof $lad dthich o€ aidefise and sectmdt éxeiting beams when
optical axis. 20 28. The nethod of any one of . L
prEvEg gt the dosusingleeletings arrangempent s, dsstx gavide semi-infinite

exciting b e respectively reading and recording
ﬁ%ﬂ%@ﬁﬁﬁ%@@%ﬁ%&aﬁgt hod of "any one of Claims 1 to

2 \ i i gt : L .

2, TSR SF b 10,y SRR AT DR Boltifuing cach
@k firdt candl/ seddirl ek¢itifai beliti bedmgnewhilecprdfagating towards the

exciting beans are recording light beans. 31. An
o@t:umag/%eumtma‘rmgamnt.n recor di ng/ readi ng data from

0 A el B 5Tk s 6 A P the o lens
RGBS O e YropfifhBRbfelhel IR A plt 1Y IBGHE s 1o the
anddipes anepiaf b RbBSthnMEYahEN SIS the MR ABRT B3 41 Rést one other lens
PCT/ 1 L2003/000803 -28 respectively, thereby enabling

eoftthe dvcusingdéol beting atvhygaheatt anmovable abarghthetdptical axig. es
in the mediumto produce excited |ight of athird

v diherethod obpny oe Pk Eamssior, yWiestin saidanyltiple-tgne assembly
S B T SRR e e AR S Be BAS R i
: & >SEMl Y a e _
B R g s o rpmprises

amogingeEintermiediaté SnacLaidrided lepdey €bag theropitieal fds.
medium and to the |ight source and detector assenblies

b28.nBhe method of any onmneab ipeeagidingc Claigs: wdeesivisaichdirst and second
! é)?cri]tgngbggaﬁs ate (%esfp%%ggeizlg %ea{(rir?én and }'e%oﬁﬁ}lg lisl ’El?esams.
29. The method of any one of Claims 1 to 27, wherein said first and second
exciting beams are reading light beams.
30. The method of any one of Claims 1 to 27, wherein said first and second
exciting beams are recording light beams.
31. An optical system for use in recording/reading data from an array of data units
within a three-dimensional storage medium, the system comprising:
(a) a light source assembly operable to produce exciting radiation in the form of

first and second light beams of first and second different wavelengths,
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spherical aberrations of focusing; and (d) a drive
means associ ated at |least with the focusing/collecting
arrangement to nove at | eastZhe of |enses of the
focusi ng/col l ecting arrangenment along an 15 opti cal

axi s GespdiEvENCHREH/ &ﬁbliﬁ%‘é&ﬁ%tﬁ)h&ﬁ‘&@ﬁ?&l& digtarith@ori¥ch other
effect variation of "a depth of focus, whilé the

exci t igigs imthicanedinni ® mpdhdeeekcited lightofs thindewsvel ersgthn

the mediumduring a_rel ative displacenent between the ,
sys{leha slstecideasseablimion zecerriagsipst expiiod lighti Anggenerating data
conpri.si ng.a ﬁfamf,shapi ng assenbly accomodated 20 in

t he oplpfh& PV?J FLf the first and second exciti ng

beag@) ﬁ”@o&n@ﬁf(gﬁédlfégﬁﬁ _R5EmbRNaREoBATIaR thesR l%gﬂaea path of
to arrive at e focusing/col’l ecting arrangenent th
desi r gstopagition of daidergeitiog/ andvexdtadcdighgnd tgeometry of said
post-shape the collected excited |ight beamwhile
pr opagieeisiggicollesting wrengemenst end 18 acemmagetiom relative to the

25 corgriuEh andeb i iy S MELIee A B optimized to
0P ¢l it Bl o SR oy S LTRSS i s

al ong e enghile | oflecting shokxtibrl lighttd Tavme Gl exditeddlight beam to
arrangement, one of said two | ens assenblies being

desi grempagate towandsthddetectpoassembly, whilghtortestidg igr chromatic and
required for the focusing aof the exciting |ight and
col | ec%n?wgcalr?@egﬁtép@%@fl OFUHEZ: Ad the other of said

two Jens.. | i [ [

For FERETR pRaRRERoLERe R PP T 858 0B BB AR Hrangement to
PCT/ | Lg308/P 20806ne ofRnbdd 6%@%&4%%@01%&%_3?%&&& &ment along an
t hi ckness of the nediuminto which the exciting fgl ght

is bedptiral osxisedf tBd. fodusingyolleotind ramigeniedt sohahereby effect
the | enses of the focusing/collecting arrangenment . .
have dvariasioanel gudenthcofgasnss whils, thet exciting radhiation is applied to

e T R N R L L I L S

ceaTThe ke nce [0 comensat [0

t 32 TR kyiiem IF.Clahe 33y s6@priSihg @ edaim Shapiid assehiblg actommodated

of said two |l ens assenblies conprises a 10 single

| nthe optical paths of the first and second exciting beams and operating to pre-
shape each of these beams to arrive at the focusing/collecting arrangement with
desired degree of divergence/convergence, and to post-shape the collected excited
light beam while propagating towards the detector.
33.The system of Claim 32, wherein said focusing/collecting arrangement
comprises two lens assemblies accommodated in an optical path of the exciting and
excited light beams and being arranged in a spaced-apart relationship along the
optical axis of the focusing/collecting arrangement, one of said two lens assemblies
being designed to perform the majority of light bending required for the focusing of
the exciting light and collecting the excited light, and the other of said two lens

assemblies being designed to compensate for changing spherical aberration
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37. The systemof C aim 35, wherein that one of the
two |l ens assenblies which is designed to performthe

woregoanszig4 of |ight bending is configured to dePCTE.20830000803

lens portions of different materials and geonetries.
38. The systemof Caim 37, wherein said | ens portions
are separate lens elenents +29%rranged in a
spaced-apart relationship along the optical axis with

%@%&ﬁtbﬁﬂ}agge 8 (38kn S8 O F BYSIB MR irfeh HHRBthe exciting light is

ereln s S portions are separate |lens el enents
deimpnpedsédn a spaced-apart rel ationship along the
optical axis being attached to each other. 20 40., The .
SsThen vsteamyobfelan 8.aiwheregin the Jonseanhef ethg feguging/collecting
| ens | ocated cl.gser to . the nmedi.umis a flyi | ens, .
AR gBeRy Bve MR et SR e RaHET it dpat O fhosf itfaces being
s assenblies which is designed to performthe
majority of light bending is |located closer to the
BEITHNsystehe of Tgim GBeoro84 1 Wheiel® thatnsheass endtwedens assemblies
being a nmultiple-lens assenbly. 25 42. The system of

Ovhich indesigiedrtoicompeinsatenfor ¢hangingespherisaleabermtion is located closer
conige{i sas three |lenses arranged in a spaced-apart
AR thg MEHYE-ong the optical axis 43. The system of any

e 5 ST 343 0 R AUy BB cs compss

&hdnises, which is designed to conpensate for
changi ng spherical aberration, along the optical axis.
\&0. 206 4 821 RICRIIN/ 35, 2003 DO 8DEne oBthedtAvo IEne assesmiedims which is

of any one of Claim33 to 43, wherein said drive neans
slssigaed o perforpthe smpgerivr of ghttheadingnis cppdigptsd; tededme two lens

t he,.f ocusi.rg/ col |l ectin rrangenent al on t he opti cal
prtons e i AR QAR o aine 32 o 44,

S : [
SIS Ry PO RRAGCRSSAT pRBOTRY it L lemcn

cirk@icgé e &/ spoyEnpat eclatidndds hlodly theeoptichk ixignitls ac@pdbetween
exciting light beans when arriving at the

fthemsi ng/ col | ecti ng arrangenent to provide

T e L e
LGEgEA ) ISR RO RS 5B o ac

afHer. second | i ght beans and a snall degree of
di ver gence/ convergence of the other of said first and
st ol spstam iofi gnp earwiWlemmsas b ity 38gwherdimeaid lens located closer to
f ocusi ng/ col | ecti ng
the medium is a flying lens.
41. The system of Claim 33, wherein that one of the two lens assemblies which is
designed to perform the majority of light bending is located closer to the medium,
the other one of the two lens assemblies being a multiple-lens assembly.
42. The system of Claim 41, wherein said multiple-lens assembly comprises three
lenses arranged in a spaced-apart relation along the optical axis
43. The system of any one of Claims 33 to 42, wherein said drive means operates to
displace that one of the two lens assemblies, which is designed to compensate for

changing spherical aberration, along the optical axis.
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arrangement to thereby provide a sem-infinite
conjugation of said other beam 47. The system of any

wWo@p®4082181 ai ns 32 to 44, wherein said beam shapdTy.2003000803

assenbly conprises collimating I enses in the optical
paths of the first and second |ight beans,
respectively, propagating towdPds the

focusing/coll ecting arrangenment. 48. The system of

QQYT%; Sy¥m GfainFrond of (Aaftt 33WBeIRe whebdh daldediesais\eerates to
assenbl’y conprises a |l ens assenbly designed to

mowd eiehaoflthe geo dagrassembliesdofitbe decusaig/cnllesting aoangdment along
each of the first and second exciting Iight beans when
:gbeapmalaﬁ@- at the focusing/collecting arrangenent to

A% SRS S 0GRy S IBE P RAL bRty Mifgne essemby
Wplse & Mens? 48 1ﬂ§]R/ CQEREASRI N apkBnde asSeshl idegree of
the " optical path o? the first and second exciting

itoers ey @natdnty of bach ofitite Bstiandsedond exfcitény lightebeams when

beans to provide substantially circul ar cross-section
tamgvisgrat the focusing/collecting arrangement to provide semi-infinite conjugation
of each of said beams.

46. The system of any one of Claims 32 to 44, wherein said beam shaping assembly
comprises a lens assembly designed to provide collimation of one of the first and
second light beams and a small degree of divergence/convergence of the other of
said first and second exciting beams when arriving at the focusing/collecting
arrangement to thereby provide a semi-infinite conjugation of said other beam.

47. The system of any one of Claims 32 to 44, wherein said beam shaping
assembly comprises collimating lenses in the optical paths of the first and second
light beams, respectively, propagating towards the focusing/collecting arrangement.
48. The system of any one of Claims 32 to 44, wherein said beam shaping assembly
comprises a lens assembly designed to provide a large degree of
divergence/convergence of each of the first and second exciting light beams when
arriving at the focusing/collecting arrangement to thereby provide finite conjugation
of each of the first and second light beams.

49. The system of any one of Claims 31 to 48, comprising a lens assembly in the
optical path of the first and second exciting beams generated by the light sources to

affect the beams to provide substantially circular cross-section thereof.



