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WD 2004/ 032134 PCT/11.2003/000803 TI GHT FOCUSI NG
METHCD AND SYSTEM FI ELD OF THE | NVENTI ON Thi s

WoVRMARss S generally in the field aut o'fOCUSiJE?m,ze}osmoosos
techniques, 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 COF THE
| NVENTI ON T, =0l i i | ces
have been d@@@%@%ﬁﬂg@m@mﬁﬁm| y

i ncreasing the anount of recordabl e 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
typically spirbenzopyran, is naintained in a

t FIELDIORTHBANVENTION typically of polyner, and
is illumnated in selected regions by two |ight beans,
of 532 imisamsteritiiivisuygenerdllyvinvthé delt stoifocusimnpehhiqoss, and relates

first, Spi&lo(f ran, to a second, nerocyanine, stable_ . .
140 amnathar and desaersior dighbloeuping s reasef dectrapagiedicgadiation while

absorptipon...Regi.ons .not, t orally, a spati al .

c SRR heRRiE Ao da b aigBalstphee pibdidm.
illumnation of the selected regions by two |ight
beans, of 1064nm wavel ength each, causes only the

SMKGRQIBSI.’JRF@HEES NEION m to fluoresce. This

fluorescence is _ detectabl e by photodetectors as )
st or ed Thregadipnensioaal ppticalhmssary néerdeasn haverdiespydexgloped being

2 Sy Al RER e o bind 8 REpl GBI i pore o e
e A Bl I AL e o5 308 conaning

f siewathdeg)li d styrene nononer. Three- di mensional
di spl ays, or other inhonbgeneity patterns, can al so be ]
cr eat etl.S.\HataoM¢. (320886 PCiscins20 0 dliresddnsnsioral opdical memory, in.

RAAT 88 et PR AV RIGEWn @ Bh BB BPTBA AR gnd aygiseypically
SRR et TR PR AR B matls Rty of polymes
opid BAllluARAREY i 81B68d regions by two light beams, of 532nm and 1064 nm
wavelength, to change from a first, spiropyran, to a second, merocyanine, stable
molecular isomeric form by process of two-photon absorption. Regions not
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 monomer. Three-

dimensional displays, or other inhomogeneity patterns, can also be created.
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manuf actured by this nethod. The active nedi um

enpl oyed in the present 5 invention is a materi al

waplos218f existing in at |east 2 isoneric forgser.2003/000803
Transition fromone formto another can be induced

upon illumnating this material by a "witing"

el ectromagnetic radi ati on haviifg—-a first spectrum At

the sane tine the other isoneric formis capabl e of

fluore c L W[ TAR Y terial -
"readi ﬁg‘@e?g%??gNrr%g néé??l;@?gdl&g{;wg%s vnvi? t ]%%ng%g e%nglanufacumng a
s fagiresoant BID vpticdl enedhoryUdvidd implafcRfngah Acve medium capable of
radiation having the first spectrumthere are created

elséoring anforwetion atvhigh infrmetiomrdemsityr arml an coptical mamgory device

subst gnt i al the sa i.squeric form fhereof, which

céﬂa%’gg‘gp%'f}de%wt ﬂaﬁ o) 408V apsaiug grmployed in the present
| ORI maertaf S b R Tl bt 2bomlS frgps. Transition
V@ dif SoncA SRR 1386t tdint e iRiREAty Hﬁﬁnjﬁﬁtgi%ﬁ%iﬁinﬁateﬁai by a

isoneric forns of active nedium 15 contal ne

el"soiingd| elesttdnsagiietic radiation hawing @ firktespectrinve Atahé ame time the
WO 01/,73779, assigned to the assignee of the present )
aperdsameric forms s spakle of fuprescencorspen dhuminang this material by a

SRR G aed? LS, 4300 B, Py vio o
Rt G5B YR, sy B BRI BB e

2Qel e¥ithin SURRHARM nddteNale %k?lﬁfajﬁiﬁ%fsﬁub%nﬁill)ﬁﬁféoéﬂne isomeric form

energy. The concentration ratio between a first and a
s éaseof, Wduckecarcbé oitherithatafoymgwvkieh iy ohpable pbilaorescence or the other
a, unit, The active nmediumjn the

ts a data, ,

:@ﬁ% Rhigs E?a!?% 43e ifermatian i etpdaiteindhe spadium ag americal values
PSRt BB B2 G BE . 0 1B} Hebve medium
f j e ; fasduihat
R R I R S R
absor pWOnOKWBI 719, asdmial foothealssighbe 0f theamesdy application, discloses

second threshol d energy. Reading may al so be carried

oat thsge-Aisaensionny memors cappasatvagfastosing gffouhationdn a volume
isoner.ic fornms. .Optical storage devices. have . _
S BHisiheIof BeiskvR pen L h6 ACk Ho TG &, Cangble ofchanging from a

I I e : i o) l:,.Qf i . .
G o bl Sorh b orke B bl o HiBiom (G gk beam having

Pérldrty s RRUIS Q3uat B it th¥SHHORT bk TIRScoReERtration ratio between
i nformati on as possi ble onto the surtace of the

st dirsigand desecarel isbhiesicr fogmi ineanyc giveactdlome frortiaprépresents a data

aber r,&ti ons. .. . . ..
unit. The active medium in the memory apparatus includes diarylalkene derivatives,

triene derivatives, polyene derivatives or a mixture thereof. Reading the data units
from the isomeric states of the active medium is based 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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U S. Patent No. 5,841, 753 di scl oses an opti cal

i nformati on storage system having a

wib bdos/osaspr di ng-1 ayer record carrier and a SCaAGIL2003/000803
device for the carrier. 5 The scanner produces a

radi ati on beam which is conpensated for spherical
aberration for a single height3ef the scanning spot

with the stack of layers. The height of the stack is

d j ol j [ : i

per s QIeREig O PR 1 ARG 3% FoRbRYGAhE Mrace of the storage
t ldevist AHis rsqudes eorrestich foy opticalmbeirations, di st ance

bet ween_l ayers, whi ch depends on the crosstalk in the

error $-§nBatentie. 6841179 cdiscloned gn vpticalninfuniatipn rstorage system
U, S.. Pat .No. 6,064,529 d i.b t hod of , ]

o g 20 Sy o e e
AThEPLdanRbr HE6TRs I8 alRnibR" b@ad{f}) | zes?fp tdoﬁ%epgﬁ&@ for spherical

st orage nedia. I's technique a si

| abéreetivin forgdh inpRaReipht of Qﬁ@%&a@ﬂﬂgn)fsp?tr withaGk ek @ig layers. The

this beamfromthe nedia. The fly '

ens is |ocate
nbeightiaf thetstacki is dsterfined by thehmariminm, spherical mberration permissible

7RG svSiear e Bispbar olevre Be-sesbia detarmuned by the minmum
SHRERERHeRooh, Buohogh Bl Sn 1 HBsas 1355 b siemgls due o

acﬂ?éiﬂgﬁﬁﬁcﬁlﬁibﬁrlhj?&&. aberration which substantially
cancel S the negatlve spherical aberration. U S. Patent

No. 6, UN., Bd4entliNe| 6964,520ndédeibeand mpthadab Sphefical aberration
adj ust abl e, 20 spherical aberration correction and

f S¥TRAG. using Syingntgns dn wni epticat hodegs devicador emeving optical data
e S e R
| RARAGERbE AL a8 T, ShEURHe Rk Ry e an ot

SqpitRicl (! theDREAiA! 8@ anCobRERIFA R s psrtpg&écﬂ $dm the flying lens. The

di stance between the | ens pair and storage medi um'2
ddying demseand bbjediye kensfeotdyeerdte talsubstantially offéet at vegiable range of
storag dj u The, internal , surfaces of the |enses

FRE AR #@%ﬁpng)&ﬁwafng iprthe medin by ﬁmnag a pps#ive spherical
SR8 nidl RSERoRl RGeS R R e SReEH etgion
aber 1 ayis0Patehip g\rd@'a,osqamé) ﬁis‘eﬁﬁgs NGt zﬁ&é:ﬂhé .‘Por?eﬁljustable

form?d by curv ’nt érnal surfaces, in [ case |
isphévdeddl dberration foreecsiohensd tooaye Ac6aidimy e s technique, two
2004/ 032134 PCT/ 1L2003/ 000803 -4 internal surface.
Tenseappenasatod Byd anealtodzapf ardeusadedentprovidensphenical aberration

d th nb f I cal t ired f
SEBnrian o] SOBing A HSbE DRGTVA decal poit Hside a data storage

medium. The thickness of the air gap determines the amount of spherical aberration

compensation provided. The distance between the lens 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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U S. Patent No. 6, 310, 840 discl oses an opti cal
scanni ng device for use in an optical player. The
woamiigsgevi ce i ncludes an optical |ens syst epgfmr003/000803
focusing a 5 light beaminto a scanning spot on a
track of an information carrier. The scanning device

i ncludes a first actuator for—di-spl acing the | ens
syst emparallel to an optical axis for focusing the

| i58kn A1 8888 T‘I‘il‘-?ajé[gﬁrﬁﬁ.l dCheRAd bEthe PRSe teiﬂ%&lflci{ Féuces the
includes a main S or objective |[ens an
aurinihez oy optice @birghohefite rexjuired| fonan oplicat lddtangadlhg/wﬂxm[@dewce
systemwith a |arge nuneri cal aperture so that the

scanni r{éSdB@ﬁenteNps 6340848 |discloses gn optigalcagning device for use in an
o GoRcabblayes, THE semiag dyih itk ﬂé‘?s'ts';{ Bl dEmStkeh ‘i focusing a
t .
h?&# b8k ihfo 2 st Wit onl & ok of Bl inBAlbp Sahfer Pfle scanning
s dspRRdactuils 4 st deaiasdrbr idisplading ﬁﬁ:t Jef® s?s’té:ﬁ' liﬂhllélcto an optical

t he oﬂ%tl cal axis by an elastically defornabl

n fpcusing, tha light am ey &emfmnuatmﬂemmers"ﬁh@m system includes
actua.tjr for novjng the in lens 15 {glatlvet t he

£ Qreabiegtivedens grxibiany griselid dgmegson s providing the

aﬁéﬁsﬁgﬁe&ﬁ’ﬁ%rﬂi@% et 58 i 1RG sHitgy, 0bville is suitable
CEor 5&innin E“Hr?tl‘ rine ec}p%conm JVI % foﬂﬁatﬁdg:%nsn)@ such as, for

actuator i's SUMVARY

| bidnivpleOHigle désitye compacindizds.i 'thé hexdlidry tlend d¢iseciu@tiein a fixed
readi ng and recording informati og{hﬂgrocesses whi | e

c posidionito ghe beusing ofithe lens systemh dhe anain densi isrsuspended in the

?@Sﬁ%ﬁg dhct rstifbaee doclte %crdaémer By #ggaﬁy deformable
A S EéJn%r PlopFF NS By main Jems

f pSlativdab e "aﬁﬁﬂia%ﬁ%ﬁkg iangd ﬂﬁ@c‘}t{dill' @ﬂr&&@nﬁa S opiRal axis for

data recording process is typically Concurrent w th

t bempewrsiting forospdesichlr aberrstéon Smne tminsparent prdatectlon layer of the
medium I n the nmediumof this kind, the reading an

&f@ffaatr@ CaRiRs LhHs.qilver Beeassaryapewen @fh@eaﬁ@ttwt% is limited
b aneously focused to and the response of a
ﬁ?rfg&&rg?l?]yerent wavel ength is to be collected fromthe

same site. -5- It should be understood that the term

"recording” used herein signifies one of the data
WSUMMARY OF THEINVENIION . Exanp! ¢ erbodirent s of

the present, invention prOV|de for focusing

exci t i hgemseiant need dn dbe ekt failiate xading @nd cxﬁcordmg information

d}':nzfofc £s20bn evc%lrr%r(]: %or( (%rgn'iatll " spherical aberrations in a data storage

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 medinm. 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.

f—




beam) onto the sanme site in a three-di nensional nedi um
at various depths while kgeping the desired beam
spatial characteristics, thereby enabling reading and
recording data in the nedium The main idea invol ved

consi gt f;.conpensati for the chropatie. and . .
spher NCRP bR tPRFRERE e dhe i “Wrepding driged beteoigifies one
demhd\data (vhitihg ah@cbing ptele@rt. t0 a particul ar

i npl enentation. As indicated above, in order to enable

f ocusifrgmile arbedimeain afothe presght inypiton prpvideefon fetasingftwo

i £s.di i i i 1d_t hereb f '
SR b 00kl e 8RR O DL e
t bemptam@ g sl site, in al thre@Rfiineadionad BRidnikh a0 D&riisQlehhs Rehile

corrected. The spherical aberration of a particular
oktaPing thecdasiipyl bsargespetidesharasteristies, theraby engblingereading and

i ' 1 raver th nath, of the .
CRE b PRl SHE R A G b P i
f focuisd cigombti¢ wad kplghical dRedtonf ow ticcwhéle rivuecdeghlngepths
via the sanme focusing/collecting arrangenent, a

pihatare af terest éhe partichler imelemsrtaels of focusing ari ses.
Exanp '&{T& ' S. t f ot f t_ hat

opti cjg s o?%dgéﬁ%’el\l} i c@é% tﬁgeégﬁ% 3%“(%8%5& I:ggersbt% %IPZ‘B alc} %hg spot
vaft thenorderpaf it aliffiictiomdintinand tHepby allbw for agae@imnbs much
%eri al, and the materjial can be excited to respond

tgilapaton a8 Rossile amde dherwrfase of diecsipragg devdeatalbmptical
: OV 0 ' yst h .

SO 8 Y S0 OR Sl Y Hiutr opsic

aqehipaip diepdndetitcor the naauré o€ tHeahatddlt the lightotelaisds hod tige length

p i cul ar data, storage nedium Wile ) )
r%%‘? Mgt duevah Hg Whenadealing wih suvwfaneonsi Bisusing tof rtagelight

\ 1 r
e ot BN Vil i ShA0TOAERRIolB Rl Aighggment o
pasklemgvitihcloumhtiaabrisions obfogevimhirises.aver se two
distinct materials (e.g., air followed by a clear
pl as?’ﬁ%iyplarﬁanb%hm%as@ge vidvaitage o€ theclera that aptigal storage
' I raodi . 0
ASAS} 35 REhBly <KATPhE, SERDC PRRGMATHE Kl depth of
tedyspareti matsridly ardatheanatagalt dag Heasxafied @/ eopdrdotbispecific known
focusing of two exciting Ii

arrangenent tqQ enabl e %ht
‘B%V&?F@ggﬁ Arrsits 1atiepetnshrfergie dor maied pag ppticat system that
LA S RSk S By g
staondericibt o gartionlac fute swidge méetduiapher i cal aberrations of

focusjngicollectiaon. This is inplenmented by )
app?@%‘f F seading/igearding daa ime thregdimensignalotteiase megivm (e.g., a

RAbhANEIR EitsIdcbntCmateial)u TG Her? Nlighf bafRs SN Rifrdnf lv@sf\)eléﬁgths

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). Example embodiments solve 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




accommodat i on and geonetry) to adjust a degree of

di ver gence/ convergence of-gthe exciting |ight beans'

when arriving to the focusing/collecting arrangenent,
as well as the collection of the excited |ight, and

e i Lon i.n bet en t . . . .

¢ S5trop e PREBRick Shkerl ACHERERIn doieetReaeciipd ight coming
Shﬁtﬂ theb@cighe HileagorMictify o€ eRbhati® #¥Ciphedcdl i BBfrations of
the focusing/collection assenbly receives a portion of

t Fcysing/cefirctionpi Hejb nip omndemadnge d@Usammtawlmdcmgnng the

d f d
ST AT LTS 1 o St
" gocotinsiiatibh @hd geedBlry)ofo adjut ial @rheaniivesefcd @nérence of

signifies either one of excited radjation or shaped

eft@iexeiding disght berapse mltem grrving tocthe i@quse@/qollgcﬁmg arrangement as

p | C y ve bet

PhERBE el S P RAFBAY RO SR B e
aﬂﬂuﬁﬁg/wmm@ erfafgethiérd Gind Ohb 66ddiinG. &' SIRABEBE rhbte@nﬂhat with
the detector _assenbly. Thus, according to one aspect

ofegaido sreitehlightthe ApGusing/coHestion; aesthiy irgfesiyes a mettqvo%f this

S35l S5 AL OATRULIREAR, S 8 Bl

-t hightriehmoth ppPREits It@\gardé Q) et gbsagblgrx dihius,Nie term "exc:ted
radiation in the formof first and second |ight beans
04'8' t baagt” 4" ewited Dean’t vsednhergiay sleaifigshejther one of excited
C
ARG ke DhBIGUEL SRl E°H NAREL Al i
S]lot:aﬂcﬁ)nl, Batnble, m@wmew, batvides dBé ﬁdﬂibiﬁgd:olib@ in@Ne@fngement and
V\]g-tv\/een the and collecting excited light of a_third

6 AN 28 petvipen rthenfequsingioplieqting asrangementt and the dletgetor
t o0k gn a third excited |ight beamand direct it
towar ds’ a detector assenbly, while correcting for
chr onBhis; aeuaidia g e bh€ akpecabfthe qiréﬁﬂismoénttdﬁ? theredRtprovided a
fo alng and col | ection, said focusing -

&’ﬁ iy ‘H@ iy reeerding/teading daterfromm an pgpy oséaarﬁn%wﬁblgw three-
(fhﬁﬁeﬂﬁ ﬁ)?%é efﬁédl , e thR G %%[Ip” sing two |ens
asse range ’I'n a spaced-ap rel ati onship
al{an gpmmdinm exdlingxddsatioh ihhiee fopmust fivgf a@l seeohd tight beams of
arran%ement one . of said twg |ens asserrbl i es being

conf i st @Y seeonskifisrent wavelengthss respecsivelyi ght  bendi ng
| 1ed LRburtdifly REHE Gaif tirk R SEEI Bl HoBRL and flbusing
sai WO I ng

th other o ens assenb
conf thgtir efftot tw aitésy im0 te inbéiuiApOL| fryd@érmicaiTistsas ibetween

for c¢hanging spherical, aberration_ introduced by a

chan . fang “collecting excited light of a third wavelength coming from the
-excited site in 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, said focusing




t hi ckness of the nediuminto which the exciting |ight

is being focused; (c) seqg®entially repeating step (b)

for successive sites in the nediumw th varying depth
of focus. The focusing and collecting may include

passi It | j .
gt D bsie e it 1RR0 eariy Surbiih, 160 colecting
ar r argrneerhent Tétvenprpe@eve lemst assémblibe arranged in a spaced-apart

focusing/collectin [range t and.its. acconmobdati on
ol acPongn Hane FEaiH For e P ginelslPer eqrgagement, one
det e“c{f@ﬁid%%%ﬂ%'f dsGSntHes beiﬁglcﬂhiligﬁe& R PEARRL hgliidg{ty of light

focusi ng each of the exciting ITght beans to s
desi rhebiling deqtimd Fedtherfornsimodf tho eheting lights andthetugher of said

di d_det ect i.ng .t he b f .t |l ect i ted
T ghitvo o BB ErBHAY i CORBEAEH t B <Y n Gty HIORHG of
f ocushRgEERtibE Ed Angink IPEAREN ek QRSS! By ﬁléﬁ{g% ina

assenblies accommodated in an optical path of t
exci tthinkness df éxcnadaun irte whidbgherex g lighs iinbping fosnspdd

ol R ERRR Y AR e Terdl) eSSkt et it davine
two | asHhendl ies is designed to performthe

maj ority of |ight bending required for the focusing of
t he ekld facnging langteollegiimgonty awludegpastiog dhe exaiting lightt beams

20 RS R SR RREARA e
Cc

igf a thickness of the mediuminto which the
exciting light is being focused. The | enses of the
focusi ng/col | ecti ng arrangenment have different surface
geonetries, at least one of is these surfaces being
aspheric. One of the two | ens assenblies which is
desi gned to conpensate for changi ng spherica
aberration may be |ocated closer to the nedium This
lens may be a flying lens. One of the two |ens
assenblies which is designed to performthe majority
of light bending may be configured to define two | ens
portions of different materials and geonetries. In
this case, the lens portions may be separate |ens
el ements arranged in a spaced-apart rel ationship al ong
the optical axis either with a gap between them or
bei ng attached to each other. Alternatively, one of
the two | ens assenblies which is designed to




performthe majority of |light bending may be | ocated
closer to the nedium In this case, the other one of
the two | ens assenblies may be a nultiple-Ilens

assenbly, for exanple including three spaced-apart
different | enses. The variation of the depth of focus
3 ?&u&iﬂ@cﬁli@cﬁhgda&%ﬁhﬁﬂ 36k s AccomfRhtidy) ?elg{i“é R the
| enses of "the focusing/collecting arrangenent wt

r espmot ariddtodight $omastand mleteoton @sseinbiiss drh eptimized tobecipable of
optical axis, . and displacing -8- aqnly that one of .the

| Eeasiz sach,p 16 SuetiaR HEL! hedins st GOBEADRG AitferAR from each
Binef kites iRfthe il RN YeRBindBNEE AN ¥r ﬂ-féo(‘!éﬁl\é&'éii ckBiged light
entire focusing/collecting arrangenent, as well the

| ¢qrhingdoum the cacittdddte é thermedismnbl y can be novable with

respect, tq each ther and/or with respect to,the i
med} i R uspiealiolan SrOERRERRRY CaBBRTe Y Gl gesemblics
f Redfinitdtated! heb! bitalPUhDEF (HeAELiEE MM eLiel NE:ht HBams and
exciting beans' propagation towards the

foring i amphges liect isperedsapad ngbationship naong eme rptidad chxie afh the

propagati.on.fromthe focusi collegtin r.rangenment,
Elrep a8 G e Rebl R bR e s AR AT el v
th@for@l heGhaerityeXCliR bR8RR reiitdfor Ahé B5dubiBB d¥the exciting
spherical aberration is carried out by the

floghti end goedtingdhe mxrited rlighy eandrihe offfee lgns esseimily mgdesigned to
consists in provi.ding,a.desired. degree of .the heam .
RO e o e b T e o ool thha change in a
fAEUEERDFER thedilinAtoal i8Rk BRBXRng AT RlbefsatBIses. e lenses
pre-shapi ng are possible: The pre-shapi ng may consi st

i of the dedudinggoledting ghvanginrent deve different snnfagegesonetriss, at least
each of .t he exciting beans, thereby providing
soé}%o-fﬁ%ﬁef’ﬁ Siuéé‘é%srﬂeﬁ%ﬁsp@ﬂmof the exciting beanms. The
pre- shopd BE theYw6 dBSI adscibliBd WHiICH RO d&iFRUIR! cHRESRe for
of divergence or (_:onvergence of each of the exciting
ebianging sphesicak abeyatoar mey b¢ hicated chosay toghe inodivuof. Thisdens may
xcifli.ng | i ght beans. The pre-shaping may consist in

c ing one of the first and second exciting |ight
819 IHEE g

beans @A¢loMthe Wrdlidhe adsepb1RE whidh ¥ AeBRGEHLGRAYAH IRNERjority
of the other exciting beamwhen arriving to the

fafclight legngsig] mey i eg cenfreamese e defiso twe lens podising eft different
senm -infinite conjugati.on of . said other beam The
3FeaE sl PR OIS Batt SRS pouSis 18R B et lens
fdlérdnt 2Alan g8 4P R GpREE-aphrd Gelﬁticﬂﬁﬁipth‘f&fﬁhe Pcal axis either with
post - shapi ng of the excited |I%h beam consi sts of

P g9pi hetwiggndhein of beig ditached emeashotheronver gence of the

excit %te%?%@ei% ecpne % rtiu\a/ ! tgv% :ilft:nst Qsesel%gfigsmw%richaslg % esilgxéd fo

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 may be 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 displacing




The first and second exciting beans may be,

respectively, reading and -&ecordi ng |ight beans, or

both be reading or recording |ight beans. According to
anot her aspect of the invention, there is provided an

opt,| f i ¢ | 5i8fty of
or oy G OLIRL UERLIR SRRRShRER Y bR oty
st tigidentingi Generblie oyevamizeintige fanfingokatiigarrangement, as
correctin aberrations of light focusing . and

comiel dhe tht sgﬁﬁe@gﬁﬂepegpqq gssepdfy gan P"gﬁ’(ovgl?:]ﬁ Math respect to each

as exciting radiation in the
fo?%@%@%ﬁﬁgﬁgﬁegi %e@éﬁ%ﬁﬁﬁjht beans of first and
second Thé foerrectionnal ehwngitic saberrdtionses) fxusmglcpllection may be

or GUTIEX OGBS PN PPREAED BOR B i collecting
d o gt | !
e&ﬁ&{ﬁ%&eﬂ? aﬁﬁrbtiﬂ . é}%ﬁe& Hehin" %)ﬂ%ﬁl%%l}?)fle?%nt zﬁé th@RingARMecting

generating data indicative

f oatssigenieni by ped-shaginesthe ekditing bedm spandgebst-shapingdfahe collected
directing the exciting. |ight beans and focusing.th
onEEiehbeam Sutils spiertion ot ABheRCaL Aestion o oFStie (HURdY the
di ihg" | | idtd Vi Resired
an g O ANAG L ARE) I ranAEE B A pro iR Mesir
detlemreor ofasthenbeam daietgenfocosi coghorgbheectwhrp arriving at  the

SO S e TSRS S FAG g
| ?C\gﬁ%‘ gre-gh‘ﬁgfgg'tﬁgf EstL Gt bﬂﬂd(ﬁﬁ% anUgREMVergei® &f condbence of

ns a nbli es being configured to performthe

mapahi dfythefexitipigt bdaensd itregebyeprovidengs semi-infivite fconjugating of the
oftheecitigﬁﬁlti hthand col l ecti,ng the. excited d £
1 §Hftngs hesmh oThs, Py Shapipe JBRY Clist B Rroxidin g fibkgr degree o
beRGraeREY bt ErgbRoeCA daéh Qtthd BRI Walidsy s®hs to provide finite
conpensati on for changi ng spherical aberrations o
i ntompoizatien bf the chaiiipg light deahi.c Ahesprecshaping mapi aensist in
intqQ.whi.ch the.exciting |ight i.s bei focused: .and_ ..
(aslimirg e Bt aBl e xtitng Jef el AR providlhg a sigh
fo&#@%@ﬂéeﬂz@nb LA ol IRNGRIEE Nexcitlify HeM@ &fhcheasiviNao the
of Tenses of the focusing/collecting arrangenent along
anfoepsing/adllensing aubngdment o¢ as inprovalel the sémuindinite sgaivgaiton of

ROTEA R I R A
Zg%e\‘;\égré% @)tc(%fé&?g B BEHAUThE Bodt-shiAd bF thetkxeRERGEREBYam consists
of providing a desired divergence or 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 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 system being configured for correcting
aberrations of light focusing and collection, and comprising:

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

of first and second light beams of first and second different wavelengths.




- 9a - systemand the nmedi um BRI EF DESCRI PTI ON OF THE
DRAW NGS I n order to undergtand the invention and to

see howit may be carried out in practice, a

preferred enbodi nent will now be described, by way of
non-limting exanple only, with reference to the
QCCOWDEH@%{édﬁ%@r INrBYS endBlinghecatibl f 1 ditds 3n SROGARELA to
illustration of a readi ng/ Fecordi ng system accordi ng

to ompeodobesiditeddightéf 4 therdiwavelehgthn; Figs. 2A to 2C
exenplify the operation of the systemof Fig. 1, Figs.
B&bﬁna St RbbY F RBeiPHBMAL Ekcitb® IRAE ahd YeMeraBng data
tight focusing/col'lecting arrangenent according to

anot hendieatiye themeodt of the present invention suitable
for use in a reading/recording system W) 2004/032134
PCT/ 1 L2003/ 000803 -10 Fig. 4 schematically

I I(bpstd Alcasing/coRating Abdcabdy 6 i iti
ye(t}J anot herg/enbodi r%e.nt of th%i%uﬁé\s/ﬂéﬁgﬁﬁ gﬁEQﬁDfEe'd#/E\IF%tE}%%Xthg
DESCRIigl bpaner andHEoqusiENTEaN e ftee sitergsnagedtifipm gach other a

there_is jllustrated an tic stem 10. of .t he

or o5 eRtStclsrnliE @G fein B EMlestg (BE L iR g, form an
i nf or eRditednlipht deslat@d Pk e toBdiddMhe( dektbr Bsenflly, said
i ndi cat ed above, the tgrdr%wﬁg?ecor di ng" signifies ei t%er

one ofocgsing/colledtingragraagement pompgisingoavesisas assembligy aranged

10 i ngl udes i n nsty.ucti,onal parts.as a_li
s_our'cg11 gss?%‘g%}a@ 5‘5%&%% ! oralglé%er%gl yoé ,alsar‘a%)éllsagoqI the
fi ght fdcusiugiconedvlel fednpbBied! bAB AR twd Jedd asséMBlies being

present invention utilizes sinultaneous excitation of
desi r senfiguaed e esernr the Baigmitytafelighti beling, reqrired for the

too. orefler el aRER pORERRL " GeRET Rty ML st

wavel efngdid Sworlesdasémblddsybeid SonfipRt&ICol @fryodutdhe majority of
excited |ight beamof a third wavel ength comng from
t he egempeyatieq fos changing,spheden] abemtians grfrodsed gnea change in
assenply: afes. f] f cond. exciting.15 )
peams RS AR BLRETNH 154 R BEGRPUERN " Pe ocused
i mpl epmht ed by using separate |ight sources 12A and
12B, respectively. It should be understood that these

t ¥ ddene meays psosiaied at lesslowifly thefocyging/collesting @rmapgement

beamst,o rﬁ&'ﬂeselltqggs't B8 BPEﬂ?&b‘fﬁH f%gusing/collecting arrangement along

an optical axis of the focusing/collecting arrangement to thereby effect
variation of a depth of focus, while the exciting radiation is applied to

successive sites in the medium during a relative displacement between the




"two- photon excitation" for each of the reading and
recordi ng processes, or m#Pa-be respectively "readi ng"
and "recordi ng" beans considering the data recording
20 process acconpanied by the reading process. It

shoul al t hough not specifically
shown%y?h ?%gnﬁhﬁﬁ?‘source assenbly may conprise an
additional light source generating radiation serving
for erasing the previously recorded data. In this
BREF PESCRIPTTONOF THP DRAVEANGSI| d be acconpani ed by
data reading, and thus the two concurrent exciting
beanrs hnorded tocurslgtsiant dhreigiverglonamd td sesdubivinig Tnas(ﬂn@tcarrieﬁhmt in

ARy e bR AR TRedm ity ngts . bl DR Shodt Biniing
%Héﬁ?l@'oﬁl)o aﬁﬂlcréfeféne@ {olqge B&o B«gﬁgﬁh@ ar@ahgsc 1 whithe

construction of s not formpart of the
pr eselfig.ilng @rﬁph@natlc llalust@ptm b arreading/tesording systeof according to

ei the ead Only Menory), WORM (Wite
8H%8mé@§ ﬁﬁﬁv euﬁ%@@?%cordable (rewitable) nennry
t ypesFighPIL t& E@@xﬁmﬁﬁff{'tue DL 20N RS S48 of Fig,

8]
PCT/ 11. 2003/ 000803 -11- the present |nvent|on |s used
wi th Bigdat3A sandadB esemplifyi ﬁhltehe eﬁmlvlﬁs;f regpectively, a tight

transl ucent su npn

PR ki Gk ARG VAT Sanba’ e oF g presen

ir¥enfidiesudtableGad use i amﬁ fgﬁeaa‘rdﬁm@%y&b@k resulting in a
honbgeneous i ndex of action and absorptlon

- coefficient throughout the disk. s This allows for
desi gning the focusing device with an aberration
corrector of a known range of notion and overal
behavi or. The di sk may for exanple be designed as
described in WD 01/ 73779 and WO 03070689, both
assigned to the assignee of the present application.
According to this technique, the substrate nedium
(active nmedium e.g., including diarylal kene
derivatives, triene derivatives, 10 pol yene
derivatives or a mxture thereof) is of the type
capabl e of changing froma first isonetric formto a
second isoneric formin response to a |ight beam
havi ng energy substantially equal to first threshold
energy. The concentration ratio between the first and
second isoneric forms in any given volume portion
represents a data wunit. The active medium may be
enmbedded in a supporting matrix, which maybe a 15
pol ynmer, and the active medi um i s chem cal ly bound
thereto. Alternatively the supporting matrix may be a
wax or a mcelle and the active nmediumis
honogeneously distributed therein. The information is
stored as a series of data
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units. Data reading is based on reading data units
fromthe isoneric states of the active nediumin

Wb bdo@iosa184 portions of the active nmedi um wher epdg 260800803

isonmeric 20 fornms have a substantially different
absorption coefficient for absorbing energy of second
threshol d energy. Readi ng may-#) so be carried out by
neasuring the scattering pattern of the two isoneric

coat T AonEbanGulPieaRs Wchietd dug SRR phfordins to ye

agidthelentPodiehtdf 88 invehfigndi Sk 16 may for exanpl e be
protected within a cartridge. 25 In the nonolithic

actlve medi um 16, a data layer is considered as one
sp ﬁﬁ@@‘gﬁd{féﬁa\?ﬁ%m"w gLPI gegt h
Layer ?&ﬁrﬁ@ s i habER ﬁ%ﬂ@?ﬂi&,‘%sﬂ%‘wﬁﬁ%ﬁ‘?er ARy of ghe prosent

| RyBRSorVidesighed Fad k&dieRtdtordig anformba6R ifes data storage medium
(witten/erased) 1n a specifi [ ayer by changi ng the

sf{didlo 1. Ahédicdied abbee, vﬁherterm 3Geeortiingd] sipnifiesotithes one of data
el enent, defined by the focus of the read/wite/erase

owﬂhagland\@?aémromgm PCT/ 11. 2003/ 000803 -12 beans.
The present |nv rovi.des.for usi ng,o
ont FRS st T8 i eiDa SUcHS i Ronfbikting! paRgchs"® ight source

sREbnol, %“%ﬁe?ooeﬁ%gﬁ"f%eﬁﬁ%@?ﬁgh%s ol @ﬁ%mﬂgmt

(#4.9The bﬁ@ﬁt Hiveason Liifizes sﬁﬂﬂf@@bﬁs b}@clmf éf degirably distanced
"recording” (e.g., witing) beamof |ight Bl of a

sfiromadaich umaltemgl the medmng e.g., zerovdisiabte rmmelw the same site), by
spectrym 660 to creat ta unit
divgxexciing %cgél

fhe@exs ofj CREn e F‘FWUVGIY, and

{‘?egﬁéd@ alé,gggg 4 Setl bt Y B 15 SFPlkpBRE F5bll s B cncied
bﬁ&mfthis' étaﬁfe B2 1i8ht Soursd 'ags%% y‘&@ 8%113%93&&&1 IR second exciting

pectrum e.qg. to affect a

rlmﬁmst Bpand mpwhi@i of thehgressnd |enmlp1e ﬁhmplemeﬂ!edtby usmg Separate
radi ation B2. As indicated above, exciting beans Bl

dight gpurcss @ A iand | 2B cwspeciivelye b6 %Dlﬂé;bebgn@ﬁwod that these two
ke DBl S0 U 0G Deal. . T 900t 201,99.00, WS called

e A SR i) Bt .

Rty L o, S gt i
guocese agsompdnigd byythe rsading pracsss. dt slatld also be noted, although not
specifically shown, that the light source assembly may comprise an additional light
source generating radiation serving for erasing the previously recorded data. In this
case, the data erasing process would be accompanied by data reading, and thus the
two concurrent exciting beams would create “erasing” and “reading” spots. The
detector assembly 18 includes a photodetector that may be equipped with
wavelength-selective fiiters 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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source for producing an "erasing" |ight spot. Each of
the light sources may include nore than one |aser

woadey®@nsnay generate |ight beans of differenpermzo03/000803
wavel ength ranges. It should al so be noted that

reading of information stored in the disk may be 20
i mpl enented by exciting and medduring the Ranan
scattering fromthe disk. The system 10 al so i ncl udes

scat tering from the f . |
o B P VBRG] 1 BRI € o SR dhodtum fn the form of a

f anogsolithicc rhhaddn GubstiaEITHE thonalitHicd natRed iofdhé GstéBge material
detector a light beam B3 fornmed fromthe emanati ng

exsiailsd a uniformitg. of , the0opEedn ppramtensc ofdthey diske resulting in a
BRSO wh) o heRer i 00 dxrerapR coefivied Angyighout the disk.
o Atz HO0RS (OF cBfeAld 8% JoolBEISAL, HARERE Abbitijorl B8 Rctor of

f ikih®tvn eatplet bN InbERNaBd endall Hehgoiop. TheSEisRImhP afmt; example be

second exciting and excited beans B2 and B3, an eam
splesigned a2 @Bserntmdsim WO 0 £73749 cdrgdn B 038 068N fbatle assigned to the
exci,ting _beam B2 and reflects that of the excited

béawems of Hhe mpeant Anplicatigra Aeqondingetondlell teghnique, the substrate
SATATIE GEAEl 0 e LR BB srcne dervarives,
b ' .

Poolythe WAVANUGE 2 mbetutethetdd) BYRAS BbeXaghOle'dt thifiing from

matic a I ght” T ocusi

¢ dirsteistrnetricf fiml fodhbedoad Boraéricl fdrie fre féspvayeten tighSbeam having
the system 10 al so conprises an exciting beam shapi ng

meaetey Isubstartinllypequab t thresholdenesy Pheotdnecntiaiipn ratio between
ar,r a rreat Wth res ectl to.the direction of .
pﬂkf‘pﬁ%ﬁ@}l feend sametieitouns ik any, gieH winmgostion gmregnts a data

Sl PRERUAN, RS ey BB o BB Rt which may bo o

apbRRERTBAd (RO hcliRe HEdifAT & cREARADY chﬁﬁllaeth%i?eﬁo.cﬁht%ﬁﬁtivcly the

" post-s’hap| ng" neans). The main function of the

" puppostiag | mgtrixraaay beansvad soroh priosliaiag tile active medium is
exciting beans arrival at the focusing/collecting .
aﬁ?@ﬁ&@iﬁ@#ﬁly\msmsmb thesein Aba infoymasionfis istered sgn® series of data

L 585 el A HEE b 30 Tl SR Ssampric states of the
BRI it iifhre Ror B! BEUEHODHROIUEC WMo the o isomeric

sfopitns Havetaesybstantialle diffetentmibsoiptidh seuffitieht foradibdINE energy of
the sane site (i.e., zero di stance%. The main
f segond dhresholdh encigys Resting muty alsenbe comded tantofy measuring the

Cho e etergiof e TBRCOPRGC BER e P AY beproded with o
A BH BB habBid RE TP Yu SRR Y5kl QFHE i ooblst IV Taciation.
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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detecting surface. The pre-shapi ng and post-shaping

nmeans are constituted by a |l ens assenbly, which in
woeep/esaesat exanpl e i ncl udes two | enses 22A anpc2RB003/000803
accommodated in the optical paths of |ight beans Bl

and B2 propagating towards the focusing/collecting
arrangenment 14. The lens 22B +d2al so acconmpdated in

the 20 optical path of the collected excited beam and

t I ) ; ) . ‘
L R MRS el P BARA LS AcTRBRRL of ight beams of
prdilﬁ&g@iti\@ﬂv&éﬂ%s e aRsgs nbaberwclagpscwithchikéd/ depths, and in a

further bel ow e tight focusing/collecting
arlpegegeumaber afdayers of watiabledegtland operated to enable

Focusi iy ket SoBedas dset Lpgpb A dtcpeiiiistd generate a
pobediel Gk, ifted) B Rt BORE B TR Gl fange (e,

| 1 g§blebr WV Bpécinshf &8 SBOnmYay Rheiteidatd anmend fendiskee.g,, effect

excited site. The inventors have found that correctin ]
sdbeali cimhgednr thatmedismofrem thefimst isoimedrc tforine ko esseebnd isomeric
specific material for specific wavel engths may be

adRrey bighiysoursenk2 B iy gparohle de menarate apivading 3beam of light B of a
IR Shrcleeth b (Sl b 355 o5 B 4, VBB 18 ot o
IP Gaaiakion Rad nﬂgefggfgthe' ﬂlédiﬁh‘gto the' iﬁcﬁ@ﬂp&gﬁ"&idﬂf B2 aﬁ@) #aicted above,

ens port | a specitic geoneiry and mater]
t hexcitligr Bear¥ B { 4ifl BRiodd simulthndduely foghsedraag baboth reading or both

required for the focusing of light, and a second
auxtondingbdagmss assenbly (corrector) 14B that mainly

oo o B B o RS 0B s abis camying
"5y D] Oy QS 358 SEAZEPL oy e dtecon

| RifuGREabYespbdd bt iRr @ikI0 YvittuR el MBfual RetefBRhbBe between these

withi'n the “disk material and inclUde for exanple

s pight isipialsa Pay neted absvenitle dight sourtbaskamblyamay midd melude a light
14A and_14B are arranged ,i n a spaced-apart

r SpuxcedhE Rraslugingan “aesing’ Light spet.Caok ofcthe dight sgpregsagay include

| ens senbli.es, with the 10 corrector |ens bei n

DD 08 0 Ot Bra, BRRAP LG henpa ot fLRgrent Wavelength

C [ I :‘l Ea . .

agpr%gr%t%lze@? gesn éé%'&g:é@%aw%‘aor r%étﬁﬁ%for sp ertéiéégllﬂ% disk may be

a@plenided by bRéitifig a6d AvaneindtheRugmale pédiiring ftohethe disk.

medi um by two beans of different wavel engths. At

| east die gyistennd 0 sk ducludes lighe direesting ppiavgément for concurrently

e otiag, -l Sccond xcrting beamhs 10 the Tolusingboliecing atrangement
and directing to the detector a light beam B; formed from the emanating excited
light (e.g., 500-550nm) collected by the focusing/collecting arrangement. This light
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 B3, thus spatially separating between
illuminating (exciting) radiation and radiation (excited) returned from the disk.
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1s At | east one of these |enses 14A and 14B i s novabl e
along the optical axis. Preferably, the corrector
Wenn4A3kEsd s kept at a certain constant di st aneeTimeens/000803
the disk, and the main lens 14A is novable. In the
present exanple of Fig. 1, the systemconprises a

drive neans 26 associ ated onlyld3th the main | ens
assenbly 14A for noving it along the optical axis,

whi | e phi tHel 648 ol RFREhE HrotbBc ageﬁétﬁhgrﬂi(]hglﬁ%cusmg and

sources, detector and corrector) are nounted

stalldction fyr light bearas abdifferent wavaéngties, tlecsystent dfalsbdd®mprises an
at a _fixed distance fromthe disk can be _achieved

ePXHERE bjycana sypinge@rany clacated: uastorany nof tbﬁo‘ﬂfﬂyu-%mg/coﬂecﬂng

tb .%Fa egl,r[tvﬂ e{:&éﬁg&onf uﬁﬁlrﬁcglPPo Ider .'fth Iens,é3 3 - diation

a% E@hl é(ﬁ l%ts%ta l‘hg%sz %Simt&i Bﬁﬂgl n?%gaxgeans located

Syﬁweam tthatfo&gaigzhsomu@g @Haﬁgaﬁﬁnﬂ' afé khe @ef&tormembly (the so-
h- Densi t qnet 0- Opti cal Recordi ng" pn. 1.

ede&mw ping/oimeans). 2henainp Fmctina- aml}e haping means

the ref red.enbodi ment  of t elnple nt at j,on
Pr%\ﬁ&y G AT R o o ngwﬂectmg

l@# éﬁﬁtn HiHreBb BIRINCS, dodkPE BF S hopuiydiveferch il convergence,

fsyasttb%nabmohéw&éht\f&@s@@gbﬁﬁ% ﬁéﬁﬂsldf%ﬁﬁéfe%%@amgms with

15 and applicability of The design, as far as
rthe Isamke docusing/¢dlledting krrangéneiis ontoadesiraisiy nlistanerd from each other
Generally, however, at |east one of the other el ement s

mt%ésﬁe%maﬂleem&dmml whighamalyyfor oxample he the gaaessity (i.e., zero
041%?%8 J55 it a0 B SpostPBiriag meiRk BpSFE atoproviding o

el t her Ic%?%ea%h(g#%g?‘%agﬁ ‘){& et es&igﬂl‘%eexP %ﬁgﬁ}j Yt reaching

rike hdueaaon a.mdabljavc@nﬂmelgn |erial§ﬁng ff@mﬁﬁign of ahfs b&mnsaﬁto a light

Possi bl e exanpl es of the system configuration and
gpudpes) aheqme”shﬂmﬂg@nd pestishaping weans e )colisiituted by a lens

54 R s iy B R e 0 2
SR AT B 5 gt

R foRR g/ ’&?%afrﬁn gdréntoRs, TIR! [eRPDTB 9§ alsb%bommodated in the
by |

generate t source 12B. The sane | ens
opticals pathoof ﬂ:&,st:eﬁquaﬂ rgciiéd theamc ahd ethmgademmaseﬂ;e post-shaping
beam 1n this case, the focusing and the

means. Possible examples of the system conﬁguratlon and beams propagation will
be described more specifically further below.

The tight focusing/collecting arrangement 14 is constructed and operated

to enable 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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correction for spherical and chromatic aberrations are
all achieved using | enses 14A 15 and 14B, where the

waielosnss 14A is preferably a "doublet" | ens agsenkbisoooses
as wll be described further below with reference to

Figs. 3A-3B. Paraneters of the |enses of the
f ocusi ng/ col | ecting arrangenentl4di-n this case are
exenplified in Tables 3A and 3B. (2) Two exciting

b - .
bg?%ﬁl B campoded of 8§ spigle fl&%oﬁ&tﬁﬂ‘ﬁf d E%c%%@ g??lg%g and material)

20 arrive at the tocusing/colle
ashatqrerfostisitheneajofity ofithed Tighttbendingeregaired/footheefogasiag of light,

e so-called . "sem-infinite" conjugation, or with

-t
diavgrag seroadcariianycleas assemablyatagorectps)AdB that maintyecompensates
' ion). | haul.d be, toad th . .
LAt R Bt Smhe Bk terrafion GGG sy Taecitinging pfthe thickness
b , .
e & B R S GBndall pBrlon Bhos, (hat oan be
apprrepied aire thosedhtatdd by dight siavsRendSird@EN viRing depth within the
respective light source and the focusing/collecting
adls_dir!g@wélﬁ% and inclwdesfor exempltisphericabslptatipns and comas.
Povev e 0oa 408 ESseSRRND L 4A¢ Pt 4BD 226 cifanged ins ashiped-apart
f 2 hi S I ; ;
Selot AP U5 Bl S5 €0 SehoBl Sy thR < loBs asverpiies, with the
t B6rrbetBh lenSOMB B8i ﬁ:@ﬁﬂné&%e@@oh%s%%‘ &Pthtehﬁa%lelae#g 144, ie,

desi red degree of divergence/ convergence of the

pelosantat thermediGn? 064THS Addses AGH hh@19B/ H8CPPBopridtbly designed to
while arriving at the focusing/collecting arrangenent.

| eoges fresphericel aberratianso wdiile seaunivgesripngs depthsgh shemedium by
that ,t he sape,. e_achi eved sing collimating, .
| B dafos AF 2ifTBest wieleaes: AfalebricRue ot 1HE hnsls® surtuces is
(0] H : ’

PGty phbie i hecd £6F QRRIR] Snalfls d e lens’ surfaces.
dAgrlesst anenof tlesk! lefBéd 29A0ANS 4B ntRaBRe WIIE the optical axis.
arrivi ng‘aat the focusing/collecting arrangenent.. It 1s

i Pysderably, the comrocter férst 14R iskept att o catdinesomstang istance from the
ferent wavel engt hs

f ocusi ng and col | ection, of di

t‘ﬁﬁg’uéﬂf? thes piadn dens 615_& @amoyaélﬁ- tmake persent sgamplesoh Big. 1, the

SOE gk s S8 B BRSO sambly
i \NpLoRl | ' td

SN o eog e hOEANAEE WG G O 108 Wb of

fsystem a(light swiurc¢dse detacto n@id)icvtrebto@)n drbendovdtsd neationary, The

and ,spherical aberration correction optics. An exanple
Stabilizatiay gieqasracter lense 14Beat @sfiked diganes drash theodisk can be
;jaigﬁ?erv%hn & %\fzeﬂs%g% El%gﬁgnigélmgctaeittgi t(ltlaotcs r(1)' n aéli 3? %%)propﬁately
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 iﬁlplementation 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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given in the following Table 1 (where the surfaces are
counted fromthe |aser source to the disk). 15 Table

WO Buy/d3arse description Curvature Thickness G BEEIL2003/000803
Sem -Di aneter Conic First surface, main | ens

1. 5251E-02 1.9116E+00 P131171 3. 2146E+00 3. 7301E+02

Second surface, main |l ens -1.72Y6E-01 3. 3962E+00

-4, 8148E+00 First surface, aux |lens -7.1443E+303

1.ahd %@gﬁ@&iﬁ%ﬂéﬁ the4ledRB3 B AR as hnehAhfesGihd (8B mechanisms are
surfacte, aux'lens 3.8962E+304 1.8738E+00 -5.5793E+38
Asphegrned. Geplellyorideveeoehf ileastndise dButlieaother elements may be
description 2nd order 4th order 6th order 8th order

Fitpexablg ps avell, mamely) asdan apglsgrecs 0t freqdargmrgroncerned, one or

YRR TN -
} i = SQ9E- .
1554 0 ERRASOR e O 1 AELBESC s o

1 gj?%ﬂﬁng ZenPmBH&fsit Sadd dbveineAton B hbi\ihe 20434 /16333 3ded.
PCT/ 11. 2003/ 000803 -17- Surface description 10th

order Posdibler dxamples hofothe syst@n hcanfiguration and beams' propagation
scheme are as follows:
(1) Two exciting beams By and B, are both pre-shaped to be collimated

(infinite conjugation). In this case, collimating lenses 22A and 22B are provided ~

lens 22A in the optical path of light generated by light source 124, and lens 22B in
the optical path of light generated by light source 12B. The same lens 22B serves
for post-shaping of the collected excited beam. In this case, the focusing and the
correction for spherical and chromatic aberrations are all achieved using lenses 14A
and 148, where the main lens 14A is preferably a “doublet” lens assembly, as will
be described further below with reference to Figs. 3A-3B. Parameters of 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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135

20

First surface, nain |l ens -5.0609E-07 4. 0824E-07
-6.9934E-09 -1.3555E-09 Second surface, main | ens
WoQeddB89 2. 8277E-09 - 1. 4945E-08 4. 8270E- 10 ch/ﬁgzoog,,ooosos
surface, aux lens 2.9057E-05 -7.3741E-07 -6.2739E-0

4, 6747E-08 Second surface, aux |ens 5.0881E-04
-7.0040E-05 1.2459E-05 2. 1608E1®6 (3) Two exciting

beans Bl and B2 are pre-shaped to arrive at the

I ﬁ@ﬂ%' a%%(rzﬁlg Ate[ﬁ% F&%s@fg?/%?l%@ﬁ%ﬂ Erréﬁv%tﬁﬁéhtcﬂl ol G:néted, although

con

( ﬁ@ﬂ@peb{ﬁdaﬂytsﬁoﬁﬂnﬂiéﬂ ftid e mhkite ﬁc@ﬁe\kb‘d Wﬁsﬁg edllidyating lenses
using 5 one collimtor for one of the bearns,

- g.
| 22A @AR2B and edditivhaldengeatit thef olbtm}rpaﬁls ofamﬂunated beams B; and

app riate relative acconm)d,at n of t ot he
Bat M%@fﬁeﬁ?,@@& beagng ipeproyie ﬁ.@@ﬁ!@%&f feares non-Collimation of

HESEETRE g VR B oS BPh lpebbels s forant o

Ao AHAL InCAkr gﬁé%ﬁ%gm%ﬂ geglgs\g%%md §Hd RelB&ion of different wavelengths

appropriately dated wth respect

t throdigh ld gpeciouostival JAth ahato for dselfeist et desiected for chromatic
di vergence convergence of the beam Bl, when the beam
aabarmé@ns,atﬂnch dneapingi rhgaos | wust n@mﬁa@h géﬁ@mnt Tifeergence  or

B nirismcR, o Sh Reopingcodactan spiRe st Fhrgnmgite Hr the beam
tﬂﬁ’gﬁeﬁg«%ﬂ %g‘{i’-ei’ r%%é adlfglﬁtoq'ethﬁ %e&%ﬂ@% %@n%a%ﬁl the focusing
| 06 splieridag a%@frﬁﬁkSh RafrBetichS opEed. A ek of the parameters of the

cylindrical |enses 24A and 1s 24B (constituting an
albdsdsi mnmle dnsa mfstWapdmg;gn@cmﬁvergmg feeapmt (hwo dinitel ggnjugations) is
beans 0ilﬁng fromthe |ight sources (di o%g(& These
| EiNswn fheolawing Bl d (whsrethesuriages@ecountef dfom the laser source
aﬁoﬂlgﬁ@sm effects of the |light sources 12A and 12B,
t the beans Bl and B2, respectively, to
prow ﬁ jbstantial ly circular cross-section thereof
another option is to use collimtors 22A and_22B,

aswfae&n addj tional 20}l ens (not|shown) acqommdated|in
t descriptipni ca| Cymdtire of ofidclméss t he | Bilsasts Bl dfdmiPiamatey | Conic

prishsidess;t he desired tlegree of the beans'

| rgﬁgggf?%

rﬂli\ﬂblpﬂf‘p nce

cohy#i g

o L3165

FBHE of dol B2HEEES

and7301E+02

s?reF
b e

verging/c

Pt e 00

bnver gi ng {
Dt i m zed W

pxciting be _
th the pre/ postoshan' "9 .s148e+00

ans,

t he

IUI

LIC LIAYAYA%E>]

S| L0%143P864

nol F\P‘\A £2.0)
"U a0

[T efh G590

—eet+ ot

ITU LTI

peffl | 1 MY 0935 RNR-

A

-1.7341E+07

Second
surface, aux
lens

3.8962E+304

1.8738E100 -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

7.37978-07

-3.8949E-05

| Second surface,
main lens

1.7276E-02

-3.2527E-04

-3.4591E-04

-3.2331E-07

lens

First surface, aux

4.2350E-02

1.0412E-02

-1.4509E-03

aux leas

second surface,

2.6084E-03

1.9457E-02

-3.3978E-03

1.0142E-04

1.1652E-04




10

15

20

23

25 WD 2004/ 032134 PCT/1L2003/000803 -18- Table 2
Sem - Description Curvature Thickness d ass Di aneter
Wodoss/03ade nodel 0. 0O000E+00 2. 7700E- 03 0. 000RETH003/000803
First LD astigmatic correction |lens, 1st surface

0. 0000E+00 5. 0000E-01 BK7 3.2473E-03 0. 0000E+00 First
LD astigmatic correction |ens172nd surface 0. 0000E+00
1. 1099E-01 0. O000E+00 First LD "collimting" |ens,

1st s(gi@ese L. I478E-01 4. 0GUUEFOU, BKT 4. I558E+D0

- 3226 () BesQption=i I St| 10iBorderol | if mpth ondet” || ediBorde2nd _$ W6th arde

- 5. 610 8kst 82fack, 3303E+00 - 4. 9254E+00 Mhin | ens st

surf a¢esRIRQI1E- )2 -3 0GPBDFEL00 4AREMEDT 3. O68BREQD) -1.3555E-09
-2. 6716€eBGuiHki n | ens 2nd |surface -3. 9435E-01
3. 9384msindens 1 3925F2AMZERAL| | 282T/EI0R s -14945E($ acf-8270E-10
- 1. 13988 gfac, 294 2E+00 0550 3. 0176E400 - 9. 2640E+Q0

Auxi | 5B Jens—2nd- 24P¥508 |3 442HE081 o6 B9ERL Ho 4.0747E-08

= TS
-9.25 2§§-1§.;ﬁ Seeond L1 894 1 9"Bhbiogos | 12459805 | 21608806

(3) Two exciting beams B; and B, are pre-shaped to amive at the
focnsing/collecting arrangement as one collimated and the other slightly
diverging/converging (semi-infinite conjugation). This can be achieved by using
one collimator for one of the beams, e.g., lens 22B in the optical path of beam B,,
and appropriate relative accommodation of the other light source with respect to the
focusing/collecting arrangement. Alternatively, the collimator is used for one of the
beams, while for the other beam, e.g., By, an additional lens 22A is provided being
appropriately designed and accommodated 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 opfical 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 B; 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.




correction
2. 6651E- 03

WOonRN@N3 BN
0. 0000E+00

| ens, |st surface 0.0000E+00 5. 0000E-01 BK7

0. OOOOE+00 Second LD astigmatic

| ens, 2nd surface 0.0000E+00 9. 176 1=PR.2003/000803
Second LD "collimting" |ens, 1lst surface

1.1478E-01 4. 0000E+00 BK7 3. 1635E+00 -2.2673E+04

second LD "collimating" |I|enss+18pd surface -5.6104E-02

3. 7080E+00 -5.7874E-01 As indicated above, the system

of the gnt invention operates to 5 simultaneously
focus two exciting beans of different wavel engths onto
desirably distanced fromeach other sites in the
medium and (g colTect the excited i ghif&efn- a thjrad
di f{f Beseiptionnav &l Ghgiut com [NhickfiegyM t NElask Nt DAt ed| Sodice
t o {fibdenaBel €XC)l t €@.0000EgoN | beam t o [be det|ech.em@oE-8NE 0.0000E+00
requrissdment Tdr the di stance between theg sites 1Is
di citatigadtiby t he operati onal node gf the |{system fof
t r aodeireefjonténe, data units ijn the 10 di sk, and the
f orjoigtsuifase) of |t he OMPGORHO SPO00E-1.3 BETA 3.2473E-03 | 0.0000E+00
PCT/HistA$03/ 000803 -19 For exanpl g, a rdcording | aser
is t%h@g‘“gept at a fixed {focal distance [while a
g S I A L 7 PR L
met[hQ Qb der agking is di jcl osed in the floll ow ng
pat|egl, 1RuRELEqt | ONSi e @00 30dobA PR med WO D3s@idr F Q322608400
_ botjEgsEy gned tothe 5 asjsignee of[ tne [resent
appl smakatigyn. These technilques are.jai med |at correcting
t r dadois, 264 RFFEOI|S WhH.diets-@adi ng/ recdr di ng |i nL.330BERPI | GAY254E+H0
st qriagelesagi um formed of | mul tipl g tracHs arrangefl 1 n
di flfsenfent | aydrs. 7M2pIE2t| JB0IE+M0tPBEG] orA.996¢8100 | -2.6716E4+00
foduaidlens@mi tq a track ig directed into{the optical
st qestrgpee nedj urh  THS4EFR lis continual |y | Ffd8EPh| -1.3925E+H00
axijdixiliglepndilal  directians. A signal _hgvin ampl | t ude
whi e 149 1964053k |ofFE2EES09 b 5Prg640E+00
the gnﬁu%c:% fadi %[4499%%1”' al dirgcetiong ' D1210E+00 | -9.2528E-01
Second LD
astigmatic
correction lens,
1st surface 0.0000E+00 | 5.0000E-01 | BK7 2.6651E-03 | 0.0000E+G0
Second LD
astigmatic
correction lens, :
2nd surface 0.0000E+00 , 9.1761E-02 | 0.0000EH)0
Second LD g
"collimating”
lens, 1st surface 1.1478E-01 | 4.0000E+00 | BK7 3.1635E+00 | -2.2673E+04
second LD
“collimating"
Iens, 2nd surface -5.6104E-02 3.7080E4+00 | -5.7874E-01

As indicated above, the system of the present invention operates to
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
disk, and the formatting of the disk.
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recei ved, and used to determne a direction of a
respective offset fromthe track in radial and axi al
Woremtosziag, and adjust a | ocation of the readi pgr/aEo3/000803
accordingly. A formatting nmethod used in conjunction

with said tracking nethod is disclosed in co-pending

U S. patent application assignédi—to the assignee of

the 15 present application. According to this

t echni UP exAmbRL BHEE Gl Pasds 13 4 HRUN 2P F¥RI 68k @nco while

aSDtrans nt opti ca iumis provi to enabl e
raqeadingglamdm wabbledvadounall thefprevivis dayéxr thnatsrte ensure tracking
medium The formatter includes a clanp mechani sm

t@SlﬂgI Qpnacwé seatning. drhis pesthed qfrmcl@agus rchscédsqdonf gy ollowing

gty Pgﬁ%}%p@&f@éﬂgiﬁw Wik 0340, bgﬁlzesmgﬂed to the
Sg%’s‘i oo gﬁ% é)‘??:; ?gbh@aﬁcﬂf‘ Oﬂlﬁ%&%’- Pﬂ{ IR aiR A correcting

novi n ast one spo

r ghéltihy @ridds tvﬂﬁl@?@&d&ﬁg/reeoﬂﬂhg ih aneoptical isksase mm formed of

the disc requiring tracking an adjacent |ayer, thus,
r guudtiple tepoks amahged/ gndifferentdayerg. A Iiglrt@obﬁmtnssmunaﬂy focused -

reading a fjrst layer, typigally by a tywo ph
pP’é&‘é@gr omﬁp@ﬁé ¥qrag@m¢ éﬁ%ﬁ §pet & continually

PSR i A =P el GHERE. £ 05 "ﬁbﬂ?‘o@gf Bl ppich varies
téhtg:bfdlﬁ’glrﬂo rdiBe Eﬁfbfﬁéet‘é ot &8k %?ﬁose%ﬂl ot leections is

exanple (also dis

atwamdmku@ atse@l to deemiiong ditettion aif%tespﬁaivmaffkarﬁom the track

assigned to the assignee of the present application)

ulti Iradieb ands exsialnwliteatiorsy and i adjistatae loeasion efathermeading spot
ks formatted

rPEiRE, A RpnatBi shetod unat i peBRGHORMtALY Fcking method

o GBS R BR Y ﬁo“ FabPEGhT S 6 sbfimee of the

%St@sérﬂ' dppIRAtibR. Weoisg th Ahixelec &5 laRirfatte? FOF ﬁﬁ@i&l:ptlon of

woul d bé"to have this d| stance nullified. Fi gs.

emerks| onfty at 310 togesiwdent nptifal tthediaps isepnoirﬁkiedl’ tor@mble recording and
dlfferent . Steps |nthe dataread| /recordln

ﬁieB'tf‘é/@ of infermafing frose the IpeH o fogmatter includes a clamping

%%IH’E’% ﬁcgh‘gldn&l?oﬁ’ﬁ]alf\f» f@iﬂéﬁﬁfﬁ I t els- CFI? Lgﬂﬁg@ Ll fggus at least one

?ﬁc’iﬁoﬁ Héﬂt 6#03 %ﬁﬁﬁ”ﬁh rlﬂ&ﬂﬂﬁf hPR reSp W‘t}e@ﬁ% Sherein, a light

mat | ca my re ateto elther one

abam dpﬁﬁﬁz&li dot ahesinsériftin of mhiley /AL At dédseroney actuator for
the exciting beams' arrival at the focusi ng/ col l ectin

anoeingdhe at least ore spainelative ththemiediurend dadanayen irsingeribed onto
(ﬂ}% &150 rgégﬁfﬂgn%agﬁ%g an adjacent layer, thus, recording is achieved by

having a first beam-spot reading a first layer, typically by a two photon process
and a second beam-spot recording data in a second layer. The requirement
emerging from 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-indicﬁted co-pending US 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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io arriving at the focusing/collecting arrangenent are
collimted and slightly non- collinmated, respectively

WO ReG4/682184 and semi -infinite conjugation); (2) BCK/HL2003/000803
exciting beans arriving at the focusing/collecting
arrangenment are slightly non-collimated

(semi-infinite conjugation); €3)~both exciting beans
arriving at the focusing/collecting arrangenent are

CRAGWHRKSS I hd tAliok&d fPthe Ul Fotihat. PRSIsitblest ﬁg?ﬁﬁabh would be to

excliting beanms arriving at the focusinglcollecting
ahawpidintanee ewibitied.col | i mated to a | arger degree

(finite conjugation). In this specifjic exanple_ of )
Figs. Figsp A2 ehemslifib e opreaian: of fie RestmpYlheThree different

g o s AR selpe e Bpetatie %fﬁ&ﬁ%%@?%ﬁpmdiﬂg to
1 H i i 20 .
e e T

d%?éd:th@y.ahcslﬂ)lﬂd bhidlerdtbed dloatr thetssand picpagation e shown here
pre/ post shaping neans 15 are stationary nounted with

t $ehegmaticely pandbaiaygelatpto eithex cperaffhe abpyedespribed sases differing
fromthe digk 16. The focal _plane P .of the entire, .
BB S4Gh coMes b nen KB BRI B VAh & bt s gingloollecting

g L o e Tt a3 il RS Gt beams

Wm [ fé&%&lgf/éaﬁécﬁngiigpaggmﬂemtaré ebllidicd 84 di#bhtly non-

conjugation of e the exciting beans), .
besllinlated ressoetivelye@nfidite andl sdmBinfinite porghgatiin)y (2phothl exciting

al ong the optical axis with respect to the | i,g&t .
sheanseanhing abthecfosnsingcolipeting amnagemen are siahily ngn-collimated

i e A

d bhase 0 ' | J.ectl £aRN .
ORI RS ASBRL e D  AREER ohoh: and o
| B@iNExciting Shéan Blivihgdatl theFf@tmisingfedlbetingr &raridignent are non-
focusing/collecting arrangenent includes a nmain |ens
assHniated tola argenidesreo(finite conjhgatson)14B, wherein the

Ea {1 ol s spaprIomembIeetioFTER 2AmG: S_@a{f;&{ Frere geant to the
B8 SRBLLC 20055 DL U it S5 SR B moverment.

{ : o ! . ’ .
Z\ﬁ Rre§idct 306he Bior 1HIP aflll tﬁ%ﬁggg}’p(%{cﬂﬁ shdéf)‘iﬁ% Iﬁgéasls 15 (which

L2 "are designed so as to proc ocu

hﬁaﬂmﬂknay chobde comstitnttd bel v lemsrabsémbigldsedescibied abave), while
light to formbeamB3. In the exanple of Fig, 3A the . |
tthe conector B pod theopre/nost ahaping negans 15 are stationary mounted with

the corrector being kept at a certain fixed distance from the disk 16. The focal

fo-ni

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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the main |l ens assenbly 114A are in the formof two
spaced-apart lenses. In the 1o exanple of Fig. 3B,
YRSHe4/03813¢ ons L1 and L2 are two | enses att achBETAIR003/000803
each other. The follow ng Table 3 exenplifies the
paraneters of the doubl et-base focusi ng/ col |l ecting
arrangenent in the exanple of™ 'lg“. 3B: Table 3 15

Comment j Curvature Thickness d ass Seni-Di anet er
Cdnventidiouls| exefmpiifiedurifadigs. ZN3B.0 Hele36(ARE-Bdusing/collecting
PBH71 3. 250QE+00 -1.0431E+00 Doubl et second surface

5 2gEngement 31@1 Ea oueicolss wsenbielddAzamaseamactor lens 114B,

DSl nlial s ARyt o diblen kit fomedofog portions of
333@?538%&?“?3‘?%a§1ed78§&5’3§%681 O Pt B g e emtire

Adpissing/coliéctingr aﬁfaﬂgémeﬂﬁfédrﬁés?%ﬁ- c6RBTRIY bUIH ehfifhatic and
4th order 6th order 8th order Doublet first surface

1 spherical @berratiozo Jhe @&f‘farem lets® poridorsbpsmdb, aftodesigned so as to
981 9169E- 03 4. 0955E- 04
> PESsE S SDe ieams By pad B respecivelin ooolloot excited light to

08B, B T 00 o SRR 1 o

- S mATEIAR as‘selﬂb%' 1184 Yark 87 $hS TGN DO @ed-ae\D art lenses. In the
-1.1991E-01 -4. 2867E-04 5. 2429E-03 -7/.718

10 20Ra4hPR2ABFIRCIB) th280 PopROBO . - At L, are two lenses attached to each

other. The following Table 3 exemplifies the parameters of the doublet-based

focusing/collecting arrangement in the example of Fig. 3B:

Table 3
Comment Curvature Thickness Glass Semi-Diameter | Conic
Doublet first
surface 2.7043E-01 2.3679E-01 | PBH71 3.2500E+00 | -1.0431E+00
Dounblet
second surface 5.3505E-02 3.5875E+00 { C0550 3.0581E+00 | 3.3296E401
Donblet third
surface 6.4063E-01 3.0014E4-00 | ~7.7739E+00
Auxiliary lens
first surface 2.4287E-01 3.3156E+00 | PBH71 2,7030E+00 | -5.3456E-01
Awiliary lens
second surface 3.1991E-01 1.4370E400 | -9.3719E-01

Aspheric, higher order coefficients:

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

surface 1.0401E-01 -2.7209E-03 5.3114E-03 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
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Comment 10th order 12th order 14th order 16th order
Doubl et first surface -6.5926E-06 -1. 7765E- 07
WO20BBB2138 - 2. 6789E-09 Doubl et second surf acePCHIL2003/000803
5.4191E-06 -1.5094E-06 -3.6657E-07 3.715613, 08

Doubl et third surface -1.1353E-06 -1.3887E-07

3. 0890E-08 -1. 7986E-09 Auxil+22y lens first surface
8. 4868E-06 -1.1913E-06 9. 3002E-08 -3.0991E- 09
AR Y T Efdth orlef 0N BMIhdeE € ©. PRRAINEDS - Profitider 03
OiBEd [L. 0237E-04 Referring o Fig. 4, [there 1s
chgsmt | cal | y.¢.dobsrsgerjat edi amsopt | cadiwystem 26B9E-09
ICo&bEl Ng tj0 yet anoilher enbodingnt of thejinvention
econésuefhdagl/ r s dat.s0%uR0@} di-5665TB07 [To 3.7156E-08
cdaubkettsitde under st andi ng, the sape referente nunbers
rswrfage ysed |t o-§138FR06fly t hb3RBTE-BhponBbARORE-Phht -hVIS6E-09

olrgiayilens t he exanpl ds of Fi gs. and 4. The ﬁﬁﬁ%@
J0iEstewfeen | slos SASPSEGGL| s oul-BEIBRG b niy?-$003508 | -3 A%

plﬁé gonégsﬁurfgqﬂ” oshgalors A0Ronh Bt BAURERD| 128,200 o

]
oot crcTyrTd Sereett+ve

Ibeam splitters 20A and ZOB a lens asserrbl y including
22A . 228 i tutj '
e RERldo 2R (LR LSRRGS AR ongpsl sysem

ango %ofcghg % Sr@@éﬂdigeﬂ &RbEdiRTIt D Ehe Rivetiohfor egadihSMlecording

exclting bedanms Bl an a focusing/collecting

adatanmemﬂiﬁk 264 Toafadilair understanding, e shmetieferpnes anmbers are
exan(g the focusing/collecting arrangenent conprises,. .
ansechty) ideniife @q:sccanpmﬁ&mt e AR 4n the expmplemof Figs. 1

o
st ?ﬁnﬁg’gﬁ%& FRRPES RN, ROTER ARRB N i Spbich in the

oby el ATk BRIGR 5 1 Sk SROAE Bhd 12 ARIcRct B assembly 18;
dw@@elbﬁgaﬁgeléémeabsamaépmrg @04 GrdoP0BS 3e sy assédBly ncluding
a nmultrple-lens assenbly. In the present exanple, the

chms&caarA ahd B22B ofconistitutingepre-shaiping land| posrsheping means), and
(Iensesl L1, L2 and L3. _The orr ctlo of spherj,cal

aﬁ’@f%?b Yoalsp sl,ermls Adaand a43y crssrsepiion of the emitted
Cor
Tl A e Bl 8, Pl g GO E%gvi%ﬁ%in% A gnd a drive

f QfHss ¥t hin the disk

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

N O

.

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, 1, and Lj. 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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material is altered. This requires relative

di spl acenent of at |least an internediate Ilens L2 of
woeo@@sre€t or al ong the optical path OA, and pessirkbos/o00803
also a relative displacenent between the objective

| ens 214A and the disk. In the present WO 2004/ 032134
PCT/ 1 L2003/ 000503 - 23- exanple23the drive neans 26 is
associated with both the corrector lens L2 and the

ohi . : ; .
o Rl At BT elchs 0 oA SO i Qoo KL and the
| eolfjedtiedend THE diive Th¥dd3N 6 BfyChHE be Ehe kjﬁd??rovﬁ@i}ﬁgr@ﬁiechanical
along the optical axis OA in coOnjunction with the

nolispiacamentt ofidhe domeetomipnsels arsaemuityr 2ltiing ithe corrector for

~accordance with the predicted behayior, of the

spReYsment alpng the opHealowxia Qaviarcamynations withcihe mpyement of the

s SRR 245 EVERN e B, R AR bl of

f @PHBaCH 2BBEHEG F6P 4 mtggﬁg} %ggget ector 18

sensitive to the tig ocus of

readi ndnr st othai egarhPldse afistheoinvensione the nbotment wfi thg optical
a feedback froma nechani cal device, and optionally '
uSleBeest maynfasy wentreHed hby usingi asteadback omeshattisn from the

di.sk,in, a, preyious,., st . The opti system of the .
orbotaeRite T, Sinsitiye s dsfioiBs i thed KoguSnof, reaeiigecording
r 0 , - .

" Basis e 581 B8 oo s R0 il BUTBER Rl device, and
Nabtibealdf usikg AEfBrARGEH titk wasifsdriftdcotb th®diskin a previous
necessary, and the wavel engths of light in use, while
cStagenui ng the conpensation for the spherical

aberragjon o,ve{ t he whol e range .of nption., Either one |
of semibgfptisat systems pinihecprasmnt dnvantioncisrasigned to operate with a

[ ti.ans,can b sed. Those,skilled.,in the art

b ot S ol AREB0R - SRS, viHERERime e ARet 5, e, Na>0.s,
c Pl e j - f .

i nven ﬁgﬁﬁgg er e?ir?bg?i%]%[g Jfg%gnpgqﬁlf%ee Wlértl blﬂl @erange of motion
dapesstaryg fmidmhd swaeelpegtiief iofietighh Bndudy twidle continuing the
appended clainms. -24- CLAWs: 1. A nethod for use in_ )

r ee@pensayion dat thwyspherigal absrrationaovenyho whide tangei afsnotion. Either

Wt hi a . - db Si o .. stor,age di.u t he net hpd
Cg%pf §§%{11|Hne1€e, 9111'91191 € an ite conju atenlﬁlplerzlnentaplons can 86 used.

Those skilled in the art will readily appreciate that modifications and
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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(a) providing exciting radiation in the formof fist
and second light beans of 5 first and second

di fferent wavel engths, respectively; (b) concurrently,
directing said first and second |ight beans and
focusing them onto two sites in the nmediumat a
predeterm ned di stance betygen them and collecting
excited light of a third wavel ength coning fromthe
excited site in. the nediumto forma third excited
l'ight beamand direct it towards a 10 detector
apaMB:y, while correctlng for chromatic and spheri cal

g?&;&%&g&w‘g the ht fog;i %nﬁ and coh,?cﬁtm\ mﬁna
@%ﬁ% : Wﬁe@%@%‘é‘ %’8*“5 B

gﬂmﬁma %ﬁﬁmﬁmhupﬂmHhﬂg(ﬁﬁk@gﬂddﬁmﬁlduﬁ@bgmnsof
ocu5|ng/c I tin ene ne of said two
Iens fa‘@@é&ﬂm %&?@5&59’3@?8@%" % perform the
difng dndbebsRdighe bedrieand Poustig thern
%ﬁ I gﬁﬁ and the ot her of sal d two Ig1ens

asse@{g 98 smw@medamgangaademedw esptpem; eyl

B S e e i e

i0

15

20

i nt Ogﬂ\% %ﬁ a; Sors hithied leveifid hgmbman:gaﬂ@dmobx t@ﬁaaﬁs)ﬂ
nitil a

sequ

y repeatlng step ) for succes iye sites
i Nt keteoid nsseantiys whil wax#m g@ ﬁ %ﬁgmmﬁw

et o 5t gﬁ&“ﬂf’?‘ﬁ%%ﬂgﬁ&*sﬁ%‘%@%ﬁ%' gl i

f ocugi,, @Lhictshins thraighoa mngfmmechﬁg]mmnt edmprising

Srhf‘;mngg s eR0and B ORI P PRy g 7 Apiogt
s <o PP S0 et coltThe BRdbchunt REe OF b b0 Jons ““S“’”""‘es

Xcl t'i ng beans

Si t ege Wﬂgxﬁﬁ@mm&mmjm@féﬁhm
| MFecting t

"t HocusiecHt e ARERDLEN SRR O ”°?“f%*§e*ﬁ@t1%%§d§%ﬁé'§h§*
one %gggom gg cry BhemBiA §ﬂtydoﬂ SempeRBRion I5E tirnghsy

are |nthe optlcal path of the exciting
and mdmblabmg!m glcipnge inp th

assenbl i i n d mthe majority of

| i ght™iB éﬁ’é‘?h?fg ﬁﬂg‘gggs%i%gtfﬁe cusi ng of the

exwmé@h@mgfgwp @) fo cdncexgsivi eites in. fedmiedight with
varying, depth of focus.

© »  The method of Claim 1, wherein szid collecting inchudes passing the excited

25

Hght through the same focusing/collecting anangement.

3. The method of Claim 1 or 2, wherein. the focnsing/collecting amangement is
configured and oriented relative to the medium. and to light source and detector
assemblies for focusing the exciting lght beans to sites spaced from each other a
predetermined distance apd colleoting the excited Hight from the excited site in the

medivm.

AMENDED SHEET




S 5. The nmethod of any one of preceding C ains,

wherein said | enses of the focusing/collecting
arrangenent have different surface geonetries, at

| east one of these surfaces being aspheric. 6, The

nmet hod of any one of preceding Cains, wherein that

one of the two lens assenblies which is designed to
conpousate for changi ng sph2f+cal aberration is 10

| ooated closer to the medium 7, The net hod of any one
0f, RLeGRAoBEF FhpomEEef Cleims T ordcibetin salildwo lens|aesesoblies are

assenbl i es conpri ses l e Iens Th t hod of
aispommoded e LRl ot el RE EnbExcHRC G g il on

S A e Tk B e

i@uﬁ'@ﬁr Hhe fdcuﬂngoﬁhs eikitingelight e for collesting il exvited Lght.

t Th O aim 8. wh d
5| Eﬁa"ﬁpéﬁfﬂﬁqdngf 4P RS RlaPIEP IR (B N AP o fhe

10

15

20

MenPREV Bifrabed P S ﬁsge@haﬁg% aBidaSt one of

V\i‘"'t‘”' gap vvee them , 10. The nethod d ai m 8,

thege@mfa@@bdng@herhmtl ons are separate lens el ements

20 arranged i.n a_ s . £ e i [ |

i %meﬂwagf Ao o TP SR el S AP b o 8o 14§ tens
R epgehite fGradhadginy\Risiefical deirdtion is

|'ens asserrblig l ocated closer to the mediumi ncl udes a
fﬂoyatcdgcibwnw epedimite met hod of any one Claim6 or 8,

636t P o7 387 o o et s i BB, S RIS lens

ia%séngﬂﬂg ristpsengle hmb.he nredl um the ot her one of the

&gnp .
tlé”tn'm?&%w%ﬁs %#%Era?%ﬁ&%i%éeﬁﬁ%%@? B Ve s

1 edi@ﬁiebfo rif el 588y CTHRR nfigured
aﬂgp, AC ng ag %ﬁ e of the "enses of lfeﬁﬁmgxsco
ftoclaﬁnem)bdmsmemonhgfdl Jalle STy st ] S%lﬁﬂ’@ﬁ{ angenent

\zﬁ'l Elﬂﬁr ’E‘nggyf ﬁ%gé%%?h%ts ffocusl n%‘? %ﬁ#’%ﬁj né

?hrag%mﬂm eelaﬁdsﬁ:c Wbngiai optidad, axmmiﬂf b $ap Getween,
I splaci-ng 't he

ocusi ng/ coI | ecting arrangenent with
tb&pect to the medi um

19. The method of Claim 8, wherein szid lens portions are separate lens elements
arranged Jn a spaved-apart relationship along the optical axis and are attached to
each other.

. 11 The method ;:»f any one of préceding Claims, wherein said lens assembiy
located closer to the medium inchudes a Hying lens.
12, 'mé method of any one Claim 6 or 8, wherein that one of the two lens
assembiles which jis desigoed 1o perform the majority of light bending is located
closer to the medinm, the other one of the two lens assemblies being a mmltiple-lens
assembly,
13. The method of any one of preceding Claims, wherein the varying of the depth
of focus comprises displacing at least one of the lenses of the focusing/collecting

AMENDED SHEET
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5 1S. The nethod of any one of preceding d ains,
wherein the varying of the depth of focus conprises
varying the optical path lengths of the exciting |ight
beans and the optical path of the excited light while

‘propagating towards and away fromthe nedium

respectively. 16. The nethod of Caim 15, conprising
di spl achg |ight sources, d&Bector and 10
focusing/coll ecting atrangeement with respect to the

g‘ﬁ% Hleptlith FiPedreh hoteast 0@l ethen Tefis trerdod alangra epsionlgaxis
[#acmgthe mediumwi th respect to the ,
ﬁemmghe;fobm qﬂgﬁ*@&@&ﬁ%ﬂg 1.8. lle nethod of

one pr a&n%h dufiagslleeih
éa'r gf(iggjlhgns 'S arrl e yﬁ)g(r:g(?shapi ng ¢
%Hg?ﬁ&hﬁwmmmmﬁm 15 provide arrival of -
each’ of the excited bea tao,t.he focusing/ | egtd
a8 Eiegnetbed ofdoyong of mﬂg%agg% ﬁ "Pﬁgg St Gepth

@i@@%@%@%&?ﬁ%@ﬁ%@%ﬂﬁ%?ﬁ%ﬁg .

5 dpfich pakh of e erdited lisht whikh pyppagdtion terards prbavaiciemdhe
of the excited beam di vezgence/ convergence, while
enedies 4BEFIVER- spheri cal aberratl on is carried out

' pladifg | sdfkces, detector and
iﬁmg‘gﬁ%‘ﬁ%&%ﬁ%g rret od of cI a:|g i]%t wherei n said

m@smyadﬂwungmgmﬁm degree of

A e SR, EHE o8 ?‘?@?‘Eﬁ%?ﬁ??*%w e

leRfitd Ataugementgenent , t hereby providi ng

f%%m ;}iggi&(epconj l@gtﬁgn of ,. thg;lf.l rst and s t?‘ cogch:icn of
%@1@8 %ﬁm&{ b8 BRONY Bh ?ah@%xmﬁﬁg hegmdéo as to

conver genee of each he first and second

?mmmm lof eachedtip: ot baapisyp ﬂ:@ fgensingdooll anangemem

OCUSI ng $ﬁ| l ethjtg%bar r%hvg[%?% st an %‘COI’] CI t I%nég()f

lﬂig%{gﬁ&?ﬁéﬁl scPds to eVl teoskedd Bdand anital atra dlector assembly
conpri si ng paSS|ng each of the first and seco 30
ambmtdeﬂged degrtee o Id;‘é"@f@ﬁ%’ @ corredtion

[ S g%qe@ ", ﬁﬂﬁfﬂ!, Wﬁh@g&j;mﬁ
g Fﬁ Jé‘-}sﬁgggtilsto a c%r?gg?)ondl ng I'i ght source to e

iefl@nt. he desired degree of the beam

di vezgencqtéq ?Fg\ﬂ/erg%n €. .22, Thegﬁ%&%ﬁs&%ﬁﬁﬂg@sﬁn
degree of divergence/convergeice of each of the first and second exciting light
beams' ariving at the focusing/eollecting arrangement, thereby providing senai-
infinite conjugation of the first and second beams.

20, The methoxi of Cllaimn. 18, wherein said pre-shaping comprises providing a large
depree of divergence/convergence of each of the first and second exciting light |
beams when amiving at the focusing/collecting arrangement, 5o as to provide Soite
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
exoiting light beams through a lens assembly appropriately designed and oriented

AMENDED SHEET




focusi ng/col |l ecting arrangenent at certain distances
fromfirst anad second |ight 5 sources generating
said :first and second |ight beans, to provide the
desi red degree of divergencel canvergence of each of
the first and second |ight beans when arriving at the
focusi ng/ col |l ecting arrangegﬁ 23. The net hod of
Claim 16, wherein said pre- aplng conpri ses

collimating one of the. .first and_sec [

i tredpooiinc GTISEORAGE HEh SSHrEF 10 gy s Sy o of the

d‘ vergiencelﬁacﬁ e of the other of said first and
é ams when atriving at the

f 9 UStieN Ofne@bl € OF | mjamarrmwgmheﬁ@, septapgising pceym@edating  the

Socusiog hollctre eraire m@gﬂaﬁwtaiac% St 85205 s&bna right
5%%% f;
3 ST %ﬁg‘?&%éﬁm whi | e pr gwga%?’ﬁgﬁ{%mgﬁﬁﬁg@w

Wmmb@mu oftyeashr off temgosecatyb light; besgnsopvhen
f o t hat f th
vt the BB OBEL 58 BREPRRh: ng/ col | ecting

244 3950 ik 36! BaERCa Sestutiog bheprists dollmating one

onst ant d| st ance fromthe rredl um an
| gofic fre andmcondemnn@f g Yeamg saush PR £ degm of

10 %{g&ﬁ%@ Sy o0 e e i mfﬁi‘%ﬁ{ﬂ (B3 fiog P when
| éf meefdc,gg{ﬁ a%mﬁmg tﬁrmﬁifdm'tmnltsses?s iy @ﬁ}ﬂl@ﬁSf}:ﬂi—iﬂFﬂi&

* codagadanolieid el Ciai m 26, wher ein sai d Var yi ng
iﬂ%&q%qu'; (G SRR U TPy SR Grliss qolimasing cach

k4@ firdKiahd sabnd Téxeitvgt Hehd Toefarrvmp ywhdleeptobagating dowengs the

airs, wherein. said first. and second beans. 25
15 docmmﬂgf@l W&W@&pect i vel y reading and recording

|1 29 TS a5t R BlcBllil @0AR! whk@in Wit oreoF 2o two Lems

t "and second excit i ng beans are

raggBlies| tbﬁ]ﬂie mwmwy]mt anjoceied aleser to the

C aj,ms ,J to 27, Whergg%ilsaﬁ}[l1 rst dabaﬁé&%%é%ﬁ%omﬂim

S,c{";ﬁ? ex&)(ﬁh@%ﬂ@ﬁlo ﬂleloﬁncalax;s
recordi ng %/eadl ng data f "8

roman ar ayo dat,.a u

20 iG Thomethogof eny onseh (aims 1310 Ragwhersis;sgid niiale: E%Wbiy
¢ % b %sc Ot%;ée ise dat}é’agad im 2 spaced-apart relation along the optical axis.

27. The method of Claim 26, wherein said varying of the depth of focus cotoprises

moving an intermediate one of said three lenses along the optical axis.

8. The method of any one of preceding Claims, wherein said fisst and second
95 exciting beams are rospectively reading and recording light beams.

29, ‘The method of any one of Claims 1 to 27, wherein said first and second

) LY

exciting beams are reading light beatns.
30. The method of any one of Claims 1 to 27, wherein said first and second

exciting beams are recording light beass,
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correcting for aberrations of Iight focusing and
collection, and egwpSing: (4)'a |light source assenbly
operabl e to produce exciting radiation in the form of
5 first and second |ight beamof first and second
di fferent wavel engths, ,respectively, thereby
enabl i ng excitation of sit€®+4n the nediumto produce
ex0|ted light of a third wavel ength; (b) a detector

tibal stefn%ma getdrtingireddisgidith Gom mmay of data units
gener |ng data bdicilfve thereof 10 (
fdibins B nitesedimensional) stosagenmcfivannibeg ﬁ)&ﬂ@nﬁ%ﬁ%ﬁmﬂ for

epmins rabregedt e R el Oe0e s PC B P

d| s( ﬁpﬁ@ +aahed %e@ay bpsiahiego phrinex etditig tadigtidn inctht doimm of
excr t

ed light beamto propagate towards the

det echist amd seceintl \iight beams fafelist mgd él@’@mt wavelengths,

s o et Sy, e Roilon BE SRR T (o BT O rldce

of tfﬁcﬁwaﬁww&]eﬁgh arrangement one of said

two | ens asSenblies being configure orm t.he
by ﬂgtcd:br W&gwbl‘.?’b@i'oﬁcﬁ@“’%ﬁlﬁr% ﬁisbﬁ and geneping ata
the ex gge qu and col l ecting the excited Ilght
and t ""Qﬁ "8 said two 1 ens assenblies bei ng

) 4 %c@ﬁnﬁ}éﬂﬂ@hﬁ% assld:tnbljl‘l eonfiguesd toyerableatheptins el m:tmg
for changl ng 20 spheric aberrations i n%{%{? uced
:chandight ewnmtingg eiiﬁh%ﬂtﬁéﬁ? dHEs SRAe Ftﬁa%ethera

| ?s(glotl 4 I%WW%ff?lﬁe @%gﬂgl ng/ cbﬂ@ec t\pg) ot

ar r aRgeEan tishto heamvie @to;iaga!st toovedsofthd elezetor ceissashlly, said

f / col'] ect t.al th t |
ag::g%gu% co %Ehglgg% arra erren a Onﬁi r ﬁg i ca fapeg)in
ef f ect 5 %{ Bnship ﬁoﬁgﬁgrbpﬁ&alfa%%%ﬁ’ iR llecting

eXCi atron I s~ app successive sites In
t he . mdngm@uromg:faa:dm fenue agtom) h@c‘mmworﬁ‘@n@eﬂo petform

system and t he m 31,
fregey SRRt i e Hebme i T Db skt
¢ ggp dﬁécnﬁg%@eﬂiteah&%hﬁlah&tm@aﬁeﬁ 6f 9A3d 19y q:ﬂsl Adgemblics

bearrs an ating to pre 30 shape each of these

beanbeing camﬁguredaw camy otb s paaloritn of compersation forg
\élmt f/g AME%W%‘E’E%%‘?&%%?O p%ngee&pape e %foiihf’ec?d“gn
exCi }86 which the exciting light is being focused; and
© (d) a drive means associated ot Ieast with the focusingfconccﬁng anangernentto
move at least one of lenses of the focusing/collecting aﬁangcmeut along the
optical axis of the focusing/collecting avrangement to fhercby effect
variation of a depth of focus, while the exciting radiation is applied fo
sucosssive sites in the medinm duxing a relative displacement between the
system and the medium,
32, The system of Claim 31, comprising a beam shaping assembly accommodated
in the optical paths of the first and second exciting beams and operating to pre-
shape each of these beams to amwive at the focnsing/collecting arrangement with

- AMENDED SHEET
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i ght beam whil e propagating towards the detector.

33. The systemof Caim31 or 32, wherein the | enses of
the focusing/collecting arrangenent have different
surface geonetries, at |east one of these surfaces

-being 5 aspheric. 34.'1lla- system of any one of

Clains 31 to 33, wherein th%g one of the two | ens
assenblies which is designed to conpensate for

RSB 1 S St

N pr6pamgsoabdsabe deteon. ses a 10 single
gh 36 The systemof O aim 34, wherein that one

rsta.enta/\grsteanef Glaimrl Ped2yibensin the Jgeses of die & %ﬂ%ﬂ%ﬁ@ﬁtﬁlg

o e o PR oA P ko

Lries. 37. The system of C aim 36, V\,herel n said
ns portions arc se arate Iens el enent s arran
%o fems

BY. ‘Ihwafstsmaoﬁemm@mft @@:m rtgﬁs‘pv@weﬁrgﬂehenw :

aX| th a bet 8@&2%@’%% Se%ﬁ“ﬁ@@éﬁ%% g%ﬂﬂgﬂ is
F‘:ion @?aertatﬂeﬁ}ﬂ&ﬁﬁinl n a spaced-apart rel ationship
g

e optical axis bein attached to each_ other,

35 T30, syélf.hn of yaierddb whersin aty @ycriensassgmblics comprises 2
wherein said |l ens | ocated cl oser to the nediumis a
$’-F1§1P *lens. 40. no systemof Caim 31, wherein that

q?efg%ttaﬁ I\ Wath e maﬂ‘mhat&mewﬂlﬂ@&rtwmlmsimambheb which is
performthe majority_of HE%B end ng i.s Cabﬁfgm

ddsiped to penfore theanaipnity of &ohyeo- lens
assenbl in :E!E ns assenbly 25 41. The
BOFUPRE R fl@ﬁtﬁ“ﬁ‘?@%’%’%eé nh{%%l d nultiple-lens

BE9H QUIMIIAIBESS, liepein shidisespationgad separste lens elements

BRisters
spaced- apart reI at| qQn.al ong the pt| axi s, 42. The
=i PSR SHREERRAAIGRE 15 OPC s BH) Soian betvwoen

Srive means operat es to di spl ace that one of the two
assenmbl i es, which is designed to conpensate for

38 Imeks R ENiined6, atterein tiidienspertions dre sepirite insaléments

é‘ﬁawﬁ%@%&rﬁéﬁaﬂs&aws b B B0 B Bt

other.
39, The system of any one of Claims 34 to 38, whemm said lens located closer to

the medinm is a flying lens. |
40. "The system of Clairs 31, wherein that on of the two lens assemblies which is
designed to perform the msjority of light bending is located closer to the medinm,
the other one of the two lens assemblies being a multiple-lens assembly.

41, The system of Cluim 37, wherein seid multiple-lens assembly comprises fhree
Jepses armnged in a spaced-apart relation along the optical axis

42, The system of any one of Claims 31 to 41, wherejn said drive means operates to

displace that one of the two leus assemblies, which is designed o compensate for
changing spherical aberration, along the optical axis.
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nove each of the two | ens assenblies of the
focusnyg/ cof ectuag arrangenent along the optical axis.
44. The system of any one of Clainms 32 to 43, wherein
sai d beam shapi ng assenbly 5 cozrtprises a |lens
assenbly designed to provide a small degree of

di ver gencekonver genee of each of the first and second
exciting light beans when '%%ClVlog at the
focu5|ng/collect|ng arrangenent to provide

sypterpiagy e pligaim 84 to 42, wheeein said deivel mmm& to

S rein sajd
éﬁ% P S8 b0t B3EmSlles S Giicins OB B
provi de col | hnati on of one of the first
and second |ight beans and a smal | gree of
fau

W&Eﬂ% Fie 43 Wesyrein said deav shaping assembly

%%%@%37&2;‘%# R0 WSl L PRk Lol o reree o of
siﬁaﬁrgendﬁta?mwmgcme of egrhtafdhe ﬁfst and secohd excifiohipht 482§ Shen
systen1 jaaﬁ e of Claims 32 to 43, wherein said

etingprngagRDt foseevide Feminiafiniconiygstion
Bpegcﬁgfmbé‘aa.js pat hs of the first and second |ight

eans, respectively, propagating towards the

A5qhs Bmﬂm of dnyaine of C&umaﬁ@m@g twhereltVsaidhbeany shaping afsefitily

one ﬁ CI a| ns 3%%@& :{]\(IgereLg ﬁ! d bea sha I@{]egﬁrstand

R %ebm&mﬂsamae%eo@'mf ﬁ?”f}%m RETE ofter o

each the first and second excit

mi m. aridnspoond ereitisn beans gitsol d!m&in‘gug e r Booupingdeletting

@l R BB okl B R B2 50 B i o

4. amarssyawmt of 4y openGH Chinag 32 1008, ARERRD k] bhaih Shaping
opti.cal path of the first and second ex0|tlﬁgsbeans

M@@pws epiimarian lonses ipdbe optéiral pathe of thefisstrad secarsl
IQ@QA | %nggﬁﬁbﬁhh%uﬁ@%&ﬁaﬁéﬁﬁ&ﬂﬁﬁu@ﬁﬁﬂ&%ﬂggn Sigedient
47, The system. of any one of Claims 32 to 43, wheteln said beawm shaping assembly
comptises 2 Jens assembly designed to provide e lmge depree of
divergence}’uonva-gén.ce of each of the first and second exeiting light beams when
arciving at the focusing/eollecting arangement to thereby provide finite conjugation
of each of the first and second light beams.

48, The system. of any one of Claims 31 to 47, comprising a lens assembly in the
aptical path of the first and second exciting beams generated by the light sources to
affect the beams to provide substaitially cirenlar cross-.section thereof,
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