WO 03/ 077240 PCT/1L03/00199 Method and apparatus for retrieving
information froma 3D storage nmedium FIELD OF THE | NVENTI ON The invention
rel at es twomabhnds and apparatus for reading information PCTAn303® opti cal
storage nmedi um BACKGROUND OF THE INVENTION 5 It has been suggested in the
art, to store information in three dinensional optical storage
appar atuses. One of the problens to be solved in such systens is howto
read information froma particular point withouyt letting the reading |ight
beam bei ng di st r adVlethasand appasatipdoraainievipgdnfarimaionet wveen t he readi ng
| i ght source and the said Barti cghar &oi nt. 10 WO 01/ 73779 co-owned by the
owner of the present inven Iyn 2 ggdg goemf’@%?ng the information by
t wo- phot on absorption. In this nmethod, the infornma- tion stored in a
particular point is characterized by the absorption coefficient in a
certain frequency v, and the reading is carried out with two |ight beans
having frequencies v(err) and v2, so that vl+v2=v (v1l-v2=v is also
possible). Only when the 15 two |ight beans intersect, the |light may be
absorbed and reading takes place. In all the points where the two beans do
not intersect, there is no light of frequency v, and therefore no reading.
The storage nedi um should be transparent to |ight having a frequency vl,
and al SoFiELD OFt THAVINVENEIONequency v2. Regarding the storage neans, it
i s suggested in WD 01/73779 to use a 20 matrix carrying stil bene
derivatives, Thyimgntiog rehacant afdtisddscarabsgpapatusfor mealingiivonmatieguency
when in the cis isoner and another, when in the trans. WO 03/ 077240
PCT/ | LO3fro0u03D opgichkstorge dagdigbor age medi a such as optical disks in
general and DVDs in particular, data is stored along tracks fornmed in the
bul k of the optical disk and is read by focusing a | aser beam produced by
seni condBACK.GROVASDMFIDHENENVENEKE)ON whi | e spinning the disk on its
axis. The tracks generally conprise spiral tracks on _ )

5 It has been suggested in the art, to store information in three dimensional

optical storage apparatuses. One of the problems to be solved in such systems is
how to read information from a particular point without letting the reading light
beam being distracted by the storage medium positioned between the reading
light source and the said particular point.
10 WO 01/73779 co-owned by the owner of the present invention, suggests
reading the information by two-photon absorption. In this method, the informa-
tion stored in a particular point is characterized by the absorption coefficient in a
certain frequency v, and the reading is carried out with two light beams having
frequencies v; and vy, so that vi+v,=v (vi-v,=V is alsb possible). Only when the
15 two light beams intersect, the light may be absorbed and reading takes place. In
all the ﬁbints where the two beams do not intersect, there is no light of frequency
v, and therefore no reading. The storage medium should be transparent to light
having a frequency vi, and also to light having the frequency V..
Regarding the storage means, it is suggested in WO 01/73779 to use a
20 matrix carrying stilbene derivatives, having one characteristic absorption in a

given frequency when in the cis isomer and another, when in the trans.



5 which data is witten and fromwhich the data is read. Qobviously in order
to retrieve data correctly it is essential that the reading head can

| ocat e armtofodlotaww a desired track. In practice this | eadsPCo/aLesoddsof f er ent
ki nds of tracking problem skipping fromone track to another and
faithfully following a single tracky For the purpose of the present

di scussion, it suffices to 10 observe that these two different tracking
problenms require different solutions and, to_ihe ext ent thab\}r]Se,mat hod of
tracking is rki entienl steragpangsiasuge asRptienl disks iR ezengrad i LHion is

|
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and ret rﬁeﬁa% "foglilsar?a%g $ser Be%}ﬂi:?@d&@eﬂ?@%@&@ndﬁ% GRddes b tdhAuadiQr age and
ree di nensiona

retrieval system Ing at optical data storage nedi um and

an apparghilg s?i‘hhiﬂgr D idilnan #€ aeRSsThe tidalkvgaiepdl Bdcampiideespird traoks om
accordance with one aspect, the data storage nedi umincludes a nunber of

concent rwhichhdsitd & veatten afd fWoicwhivhsthe dglarivteéadnear data st orage surface for

storing data_in a nunber, of substantiall aral l el data tracks, According
to anot her asPa¥ious Gntqéeld‘é’t@t%qv@r%&c %‘itﬁ i e tﬁatrﬂ}ﬁﬁ@dl%g dat a

st orage sur{face i . : i ata
st or age @?ﬁdf %%lel%F %t%? (t;froﬁhgv %g?%{aeltdﬁ@%%' %ﬁﬁ%htecp@%?}ﬂ gg%{saf gﬁtt‘l%’g! cﬁgg%in?cul ar
dat a traglgs atorhdNhd ProébleaPtdeadihy féBnGRATREE to vinddew, andhifaithfltansect s
each of the data tracks. In use,” each shell or data storage surface is
rotated fillowting acsingleriraaki Fontie purpoke ofjthiesprasduit elissussign.dit sefideagot he 25
readi ng beam through the optically transparent w n on to a data track
O g eplaserve (g diese e & Brisnbeoking PORGRS OB Cros . PREBY ARG dat o
froma spljd tical , stor i i |S: d in nultiple
| ayers. h erﬁ‘%ﬁg Fﬁ?atﬁhﬁﬁ?@ﬁg%ﬁﬁl%ﬁﬂ%\g??éelg{cfﬁ}ﬁ;tgﬁggg}%ﬁi {étts:ﬁl%tgﬁ{ Se}g’ttlhﬁat i on
track i i0hqS ¥shdndd'enly Stk 12 seastid GMthbewbhgobleagk and measuring
the inte %e??t)%/t%ﬂ%%ﬂlg}’l a reflect edglspot by position segi tive detectors. This
al | ows cal cul @IS RAOQA62 (BeWDRP/iSTédManeEy/ 7L 0 Dewtded ~Ihpwsdinesn of t he
readi ng spot and subsequent adjustnent of the reading head' s | ocation
based onsivhel aptiesdrdede stargge and retrieval” discloses a three dimensional optica
15 data storage and retrieval system having a three dimensional optical data storage
medium and an apparatus for providing access to data stored on the medium. In
accordance with one aspect, the data storage medium includes a number of
concentric shells each of which has a curvilinear data storage surface for storing
data in a number of substantially parallel data tracks. According to another aspect,
20 the data storage medium includes a number of data storage surfaces, which are
rotatable about a common axis, each data storage surface for storing data in a
number of substantially circular data tracks and having an optically transparent
window, which transects each of the data tracks. In use, each shell or data storage
surface is rotated about a common axis and tracking is achieved by directing the
25  reading beam through the optically transparent windows on to a data track of
interest. Thus, this reference is not applicable to retrieving data from a solid
optical storage medium wherein the data is stored in multiple layers.
The manner in which CD and DVD reading head track a destination track

is based on focusing the reading spot on to the track and measuring the intensity

30  of a reflected spot by position sensitive detectors. This allows calculation of the



US 20010040844 published Nov. 15, 2001 (Sato et al.) entitled "Tracking
servo apparatus of optical information recording and reproduci ng apparatus”
5 di scl oswe ta/otnacki ng servo apparatus using this techni qRreT/1LoBI®]199
reflection |ight obtained when a | aser beamis irradiated onto a recording
surface of an optical disc is photoglectrically converted, thereby
obt ai ni ng a photoel ectric conversion signal. A tracking error signal
showi ng an anount of deviation of an irradiating position, of thg |aser
beam f orpesitiomek tha rgading spehand] supsequent GAIusHIEH ok Bicoreading h!%acgﬁr face is
gener at ed b% tﬂe hot gel ectri fcjn conversion signal. A spherical aberration
occurri ﬁ@c oy ast?ﬁ'tqnct f:r%eg?glgrg Mdetected, a level of the tracki ng error
signal is c i t | ¢ ;
ouseRiRfosIs4NSuBIRALS Ny, 19 20tA! @ald eharRsiiled ‘Thdciife

irradiati ng posi aser beamis ved inthe disc radial
di recti orid PEEIANYFopicth iffbembEye recayaitngeand deprodokinggygrarots3i gnal . 15
Li kewi se, US Pat ent . 6,233,210 published May 15, 2001 (Schel]; David

L.) entidiselosesOpttiackingdsarve appatsust usiiak iing teekmiaie. s apftecipndiehli scl oses
a nmet hod and apparatus fqr obtainin tracki ng,error..si | for an optical
di sk pl eBiainegdrvhen adasssfsam 18 e‘f Hﬁt%%FF%ﬂéln&a%“éfaFSgﬁ?ﬁﬁsoﬁt&?ﬂd in CD

audi o' di sks . and p p i i areas is
ased o Gends BpRieuticafly SURAFL b REy e phiBStechR Lodieite

t racki ngyigpsi0n §h88Ak chrdr SRMET MEHinYan &ABHAY bNdevtiftors bPBAlirradinngt h in the
different "active areas. These references are typical of known solutions for
mai nt ai npodtiomef the ftmbedre fheadrack inondisairedial dinectionhom thietdcpeding r ack

usi ng a photodetector __having rmultiple sections that er.vgls as

posi 10 onsuréarsiis goucrateddetiye PREIOCIROET EQIRETHOR SIEE, He (abeRatPR g wi t e
s eI S AT L RSRCL 18 R iekyil g Fomte 1 0
240 g Baa SN0 EAMGBLIT R b o BTy DL T
laser beam is moved in the disc radial direction in accordance with the level-
corrected tracking error signal.
15 Likewise, US Patent No. 6,233,210 published May 15, 2001 (Schell;
David L.) entitled “Optical drive error tracking method and apparatus™ discloses
a method and apparatus for obtaining a tracking error signal for an optical disk
player which is general across the various data formats found in CD audio disks
and DVDs. A photodetector having at least four active areas is used to sense the
20 reflected laser beam. A differential amplitude tracking error signal is generated by
comparing the signal strength in the different active areas.
These references are typical of known solutions for maintaining the
read/write head in communication with a desired track using a photodetector
having multiple sections that serves as a position-sensitive detector for detecting a
25 component of the read/write laser beam reflected from the surface of the optical
disk.

For both CDs and DVDs, axial compensation translates to a focusing

adjustment of the read/write beam.



retrieving information froma three dinensional storage nedium It is a
further object of the invention to correct tracking errors in such a b5

nmet hod arstoggmteame where the read spot may drift in two es®emtiLe/doyo9
orthogonal directions. In accordance with a broad aspect of the invention,
there is provided a nethod for retryeving information froma three

di nensi onal storage nedium the nethod conprising: 10 using a three

di mensi onal storage _nmedium conprising an active nmedium capable of being in
two stat®dM QFaTﬁmiNyrﬂriﬁTkéwepr esented by the ratio between the
concentration of the first_and,secaond of sai, :ae\/\o stgt es,in a giyven volune

portion of saltdisni®ihiednel dheyapventien onpEov f8d B8 dfuence of

such datg .units: .15 irradiati Sal i i ith light as to
concent F%?Elsvﬁfﬁgglﬂf‘)ff%@n %P%E%eéﬁ@g?%%él\égorr%%{ﬁ%g}&%ai d storage nedium so
as to generatg ikn faidr %%]iéé'ﬂ%_f 1RO fdvieRAoR 16 @bRtERASKIA® RriotBAsudAPA | cal
response characteristic of said concentration ratio; detecting said

non- |4 negith6d tand alysteas pdrse theordadt spoevieayi dififirinetticoessshtbalbdoitiogdial sai d

vol ume portion; and tracking a data sequence for retrieving said data
sequencdireptions. epr oduci bl e manner. Wthin the context of the description

Fimi to al phabt courdristapif. & Precoapsecah uh B sloh et kopdifiars © °
vol ume PRGN Fo e mmARR R fRel Wincrstial HophePREMRLENIE 101 the
i nvent i op et @mrigih@vi ded a method for correcting tracking errors in an
optical storage medium having nmultiple tracks arranged in different |ayers
of the opti calisingar tgee duénsmnal Korageaniedivgn cempeising: 41 petive MedEr 077240
Petrl LO%/all(o)a(l)bllg 9of l_)e5ing in two states, wherein a data unit is represented by the ratio
between the concentration of the first and second of said two states in a given
volume portion of said medium and a data sequence is represented by a sequence
of such data units;
15 irradiating said active medium with light as to concentrate light flux
through a volume portion of said storage medium so as to generate in said volume
portion a detectable non-linear optical response characteristic of said concentration
ratio;
detecting said non-linear optical response to retrieve information stored in
20 said volume portion; and
tracking a data sequence for retrieving said data sequence in a reproducible
manner.
Within the context of the description and appended claims, the term “data
unit” refers to a bit or symbol of a finite alphabet. Preferably, the data sequence is
25 tracked via a tracking feedback signal for positioning the light at a predetermined
volume portion of the storage mediwm.
According to a further aspect of the invention there is provided a method
for correcting tracking errors in an optical storage medium having multiple tracks

arranged in different layers of the optical storage medium, the tracking

30 comprising:



(a) directing a reading spot that is nomnally focused on to a track in the
optical storage nedium (b) continually noving the reading spot in axial
and radi awodBfgrte ons, (c) receiving a signal having an amplritLesd@19hi ch
varies according to 5 respective offsets fromthe track in radial and
axial directions, (d) using the receiyed signal to determne a direction of
a respective offset fromthe track in radial and axial directions, and (e)
adjusting a |location.of the.readi ot acc ingly. Any active medi um -
non | 0t he G ¢ igouds pafang 3pof el BiosR il ToaReifor Bl Rtk riE

i nvention. Some i |l es to active nedia are those described
in WO 01/ 73779 a'&gﬂcél &Jag@g%eg 2, both of which are incorporated herein
by reference,(ppt k:bhtbmnﬂlydﬁbvmgttha@@dn@r@oaﬁp&aamﬂﬁadﬁn dusétiomss. The active
medi umis preferably enbedded in a supporting matrix, for i nst ance, as a
dopant or, whfen té¢merengporsignag hawing )ﬁmmn]alﬁpdb ywhich varics adcs)rdmgdner

co- polyrrerlzed with the sypportin e suppartive matrix should be
transparent for f‘i’?@eP‘i%‘h?&i? $ Homy (jrag Hilfadé Etnlﬁieaxhétqlﬂ@&l%sthe i nvention

xampl es o bpFFEBEREG Y AR TRl e SRR oo PYRRERRke PSRt oy Comt

invention are poﬁ&ﬁH&@@éﬂﬁ(1n%ﬂi3épﬁlﬁpﬁlﬁlrkﬁrecﬁ%h¥%ﬁbonate and 20

pol ynet hyl netacrilate (PVMMA). Typically, the data is stored in a binary
nmode, so that(e} hadpstingatloettionrof thareadmgespbeamdmgl}one digit is 1:0 and
the concentration ratio representing the _other dig is 0:1. Here, 1 and O
are not absol Y& geiiveeBrcHim ﬂ@@W@rmsﬂ‘l@@mlStﬁéutabWt@Fp}S@taé@IOfélgl& teethei ghest
and | gwest cogcentratl ogs t hat ..be achi elved dur % |t| ng
procéSs Igentinn- 4 8@8s§8’i’f B8 nSXAIES W 8 tl?l% t8r sieng t he

data in Rie8&{Bed TRAFO 91)’7‘3‘779%?&%%%&69%620'%&15%%1%?@E g%ct}@treﬁ are ”Dre

than two states of the nedia conpletely in 1isonerics ates A or

i n the therdinby eefierdrichy stillbene detioagvesparnd azobantene defivativesul tit ude of phot 0
stationary states and nore). The size of the al phabet used in 30 the
encodi ng- decodihsgagiivscaeditge pe poefeenbly kmbsddedin g- smpoting mastinofbrused

instance, as a dopant or, when the supporting matrix is a polymer, as a
15 monomer co-polymerized with the supporting matrix. The supportive matrix

should be transparent for the light irradiated on it by the method of the

invention and to the light generated by the non-linear optical process. Non-

limiting examples of supportive matrices suitable for use according to the

present invention are polyethylene, polypropylene, polycarbonate, and
20 polymethylmetacrilate (PMMA).

Typically, the data is stored in a binary mode, so that the concentration
ratio representing one digit is 1:0 and the concentration ratio representing the
other digit is 0:1. Here, 1 and O are not absolute values but rather should be
interpreted as the highest and lowest concentrations that may be achieved during

25  the writing process, which is not discussed herein.

As an alternative to storing the data in binary mode, other schemes may be
devised where the there are more than two states of the media (e.g. completely in
isomerics states A or B, in the thermal equilibrium or close to it, in one of a
multitude of photo stationary states and more). The size of the alphabet used in

30 the encoding-decoding process depends on the encoding-decoding method used



WO 03/ 077240 PCT/1L03/00199 -6- and on the signal separation and the signal
resolution (signal to noise ratio) of the system Many encodi ng-decodi ng
nmet hods awe oknormo in the art, DC free and run |ength |i mpC&dL03/00199

encodi ng-decodi ng are non-limting exanples of such famlies of codes. 5
The size of the volune portion fromghich a data unit is retrieved
according to the invention is the size of the |ight spot wherein the fl ux

is large enough to generate et ect abl e. non-|.i near reacti.on. neral |y,
smal | er aggem e signal Wf%&%\a@s £ S18N3{ T6ReRItion (F‘gﬁﬁltatoil}ﬁ‘%er@#IPYBE&eeTher ef ore,
wor king with ots havin I i j , and
spot s hzﬂ/’?tﬁ’él'iﬁ?ré}’d?rlfga&%]g?&ggwﬁlgﬁgggﬁ%\& ?EBI%O%{E(P (\%/aq\géé{::agngt of the

| rradi atl&]‘g%hilﬁﬁﬁed SneU B EHaR Bng SRRhén-HRAtiAg @khiBples he susk famhiltdesper | i ght
sour ces. wever, It may be beneficial to work at high intensity of a

gi ven |igdes.source, even if a non-linear response is detected at |ower
intensities. This is so because above sone intensity, due to.saturation

effeéts, the Fhasspimesef ithe iwlumageqrtioBEPm yhieh, & data Hpnis; tejrie 15 the
reading is al.so nqgt sensitive.theretg., Thi .S T ced from
t he m%ﬁ?‘gﬁ%ﬁq e IVERGYh 19 e i Qfélﬁeapgﬁtew r\@gérl&ﬁ stﬂgg%‘%relastlls from

ot her i i sfind? rbNQioBNGehSATP NmalRY GPosER&S ati on may
be achi e@llég‘g%ﬁ%&%{gﬁaoﬂe%ﬁlgﬁmﬁnfg%?é#kllléit%lgurpose |H% tlﬁlae ar (,) such as

di r ect i ngay hnfhshte RR Wealge nkslat deissi ditereford, owerkdng ewith cpotshere it is
the only source for light of its frequency by satisfying phase matching
condi t i dusing & kadins ofjleshithani 3hum isadvigpble ahillspeis hagingenadiugreguiahtp

pol ari zers, etc.; using phase sensit iq\ﬁe geit ction .;ijjck-i n anplifier, a
box-10c aray, snzailer ghanghe savaleagtiyeithe psadiaie: iscefesadbify abl e net hods may be

ed o oo b : ot . ! _ L
s None | SRl PG5t AIRT tht BEE o8 iebBShes 1R ShltBs ROLRM A Enk e nooT ©F
light. A LB EJ) Q}%‘%Kaarti AftekifyUSKEA ioBRenOlighit RbuFsR, 8V &M nshdinear beam of

i ght is Tocuse rough"matter, a dramatic increnent in the effective

ef i ci engypéieus detebred at kppeiacnisitigs: Tieis fivsabeqausaabovkhgoned fndensitye resul t
of this is that wwth the appropriate

due to saturation effects, the response is no longer sensitive to the intensity, and

15 the reading is also not sensitive thereto. This way noise may be reduced from the
measurement.

Detection of the signal requires its separation from other light signals that
may exist in the environment. Such separation may be achieved by any method
known for this purpose in the art, such as directing the non-linearly generated

20 signal into a direction where it is the only source for light of its frequency by
satisfying phase matching conditions; filtering the light through a filter, prism,
grating, polarizers, etc.; using phase sensitive detection, lock-in amplifier, a box-
cars, and/or gated averaging method. All the available methods may be applied
whether the beams irradiating the active medium are collinear or not.

25 Non-linear optical processes are very sensitive to the flux of light. As the
flux varies as a function of volume element when a beam of light is focused
through matter, a dramatic increment in the effective efficiency occurs when
approaching the focal point. The effective result of this is that with the appropriate
photon flux, the process occurs only at the locus of maximal power, that is the

30 focal point. When using a single light source at a single wavelength, this focal



photon flux, the process occurs only at the |ocus of maximal power, that is
the 30 focal point. Wien using a single light source at a single

wavel engtwp osloi=4d ocal WO 03/ 077240 PCT/1L03/00199 -7 poiPeU/ILE3/00199
straightforwardly defined as the |ocation where the beamwaist is mninal.
When using nore than one wavel ength the nost efficient way to achieve the
sane effect of high localization is by overlapping the focal point of all

photon 5 sources_involved in the relevant process. Wen different foci are
not exadiot d)i/éfﬂab&%f%@,afdl}ﬁép@@ﬁg By &%ggc%@@uy@er%ﬂa%ﬁqeapbggalgf ffciently,
in the volunme. generated by the crossing of the effective volune el enents
gener at e84 he foci of all light sources. To gain additional effective

ef 11 i ency T nyheANRINRYREE Atk ondPfioaesethiiad aiost bficiontordy Beactbieved

t hrough t he use of e than one light " 10 source using the same nethods as
for the thekiinewifeet enbich loadeatidines Isupesrfappirtg the fpeal poinslof adlphoten one t o
consider a single beamas a_plurality of beans whose respective foci are
trivisal |spuressainedlvied iohthes ephevand paosesh. Whenedidfesert ek 9rh toh&Xa8eY ext  of

t he present inventjon and the appended .cl.ai.ns ere . refepen S made to
two or rRCEAPRING JBEt FARP QESS tfg’éfﬁ’és,’ q1§e1fsle§so e\g@m?lﬁlyﬂ r118e£h§t gggm%hat a
single |] 2 i =1 ERAHRIRK to the
over | appge%lg}agegg%ﬂg%&(%%ﬁrﬁg Jr%ﬁgg}tlfrg%t?rvaé;?@ ee;angl,hegtrrsl%%tﬁ%%ge S 1[encori;ﬁ)assed by

r ef er encgr AID |{ohe s6l@bSBId Gainhaiditivieil Sefebiion efficienuy iara onesvdvielgnzth beans.
One fam |y of 'non-linear optical responses suitable for use according to
20 the ppresesst highee filuixen cius ba avhiavied thuaugh theuseeslcmere thasuene dight but not
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Therefore within the context of the present invention and the appended claims

where reference is made to two or more intersecting light beams, it is to be

15 understood that a single light beam may give rise to a non-linear process

analogous to the overlapping of two or more monochromatic beams, and this is

encompassed by reference in the claims to the intersection of two or more light

beams.

One family of non-linear optical responses suitable for use according to
20 the present invention is a multi-photon fluorescence, such as, but not limited to,

two-photon fluorescence.

Non-limiting examples of non-linear optical responses related to a @2
process, are four wave mixing processes such as Stimulated Raman Scattering,
Coherent Anti-Stokes Raman Scattering (CARS), Raman induced Kerr effect, and

25  degenerate four-wave mixing. Similar v processes and higher are also known in
the art and may be used according to the present invention.

According to another aspect of the present invention there is provided an

apparatus for retrieving information from a three dimensional storage medium by

generating a non-linear optical response of said storage medium, detecting said

30 non-linear optical response and analyzing and processing it. Such an apparatus



Accordi ng to another aspect of the present invention there is provided an
apparatus for retrieving information froma three di nensional storage

medi um bywogeénenai i ng a non-|linear optical response of saPdTALav@g® nedi um
detecting said 30 non-linear optical response and anal yzi ng and processi ng
it. Such an apparatus WO 03/ 077240 P@ILIL03/00199 -$ includes, in order to
generate and detect a non-linear optical response, at |east one |ight

, .Whi gh i, CARS). t b h t; det ect f
ot oot | AIEH L ORTER SEBoid A GHEct AT P OH i S oM Bt dFRLOPE 1 om ( ne

i ght qir'%%‘sfitsgﬁge,b%hfc Ilﬂﬁ@ﬁ%ﬁ%ﬁg@gﬁ% glé&ﬁlﬁtf)maﬁ?t%%%ﬁéfent' t65fgpf | 1ght

characte ICS are ol'ari zatiori,” and propagation

di recti QRtecfing Hgl@tpawﬁi@n istdiffetentn dt- RastP6RE ehsrabiReisté dhah She degitved from
et a

the nediumtog tracking feedback signal and correct the |ocation of

t he r eagreyioed dycsaidiigiyl spurcehdn thispantttsexampled afdight chamdetenstiesareknown per

se in the art for anal ¥1Zi ng and processing _detg.cted Siz%qu] | s and_retrieving
HECHOB <§

i nf or fratth® dighiewavelengthrmolaizatign.1 and dHEPAZAEORe G It he

det ect ed_signal., such as.an .A/ D conyv . ri i rror
detecti g‘f‘?c & slifgﬁesgsthgr ?‘%’i’%ﬁlé@%%?%é ?%déggtﬂgdggfaﬁ@l gé\) ggk hﬁl(r3C)rr€1r1(51§1f1%r or on
an el ethEé’dBa%}c.CEE'P%Hal Anlbli 86fre® OeC RIGBEERT Of T8 trBad NPoPTREEREnIPY TREI ON Mmay
be an active light source |ike a |laser, or a passive light Source like a
mrror. aspphemn splyi alserinclude mddmsgkaowheperney ib ehe anis fotearmtly Zisg tand
(passive) light sources. According to one enbodi nent of the invention the
data sequeerssingadetectedr siggaly and rrelyisvingninfermation thergfrom. Eiess Mayer

cone T oL 80 B ek o e CESpes! e ol SeUgnses, T e
The pur %Sglgghgg'_?ﬁ LYE AL Sndafls, ! SifthiKad ?1‘3015 Btelor 284t rrﬁgtlﬁng% gspondi ng

to a requir a sequence 1nr and z coordi nates when t I SK rotates.

It is aweﬁMHMQe&fraﬁkoﬁiﬁ,fers limted amount of run-out both inr
(radial run-out) and z (axial run-out) coordinates. Such distortions can
occur in the Aelight saurae ac¢nsdingito the proseat iwventionsmpy belap astivetlightdi sk

15 example, may be considered as two (passive) light sources.

According to one embodiment of the invention the data sequences are
arranged as layers within the medium, each layer consisting of a spiral track of the
respective data sequences, where the medium is shaped as a disk, and rotated
around its axis by the apparatus. The purpose of the invention is to track the spiral

20 track corresponding to a required data sequence in r and z coordinates when the
disk rotates. It is assumed that the track suffers limited amount of run-out both in
(radial run-out) and z (axial run-out) coordinates. Such distortions can occur in the
event that the axis of rotation is slightly off the disk center and slightly non-
parallel to the disk plane normal, such that the data spiral moves relative to the

25 reading spot while the disk rotates. The invention enables tracking the data spirals
by calculating a tracking error signal that is used as feedback for the servo-
mechanisms that control the » and z position.

The basic tracking principle is to perpetually move (modulate) the reading

spot in a periodical path around its nominal current position (traveling the r-z

30 plane by two orthogonal functions of time). This modulation causes a modulation



25 readi ng spot while the disk rotates. The invention enables tracking the
data spirals by calculating a tracking error signal that is used as

f eedback worosihre4ser vo- mechani sns that control the r andPeTgbDs&y/@iwn. The
basic tracking principle is to perpetually nove (nodul ate) the reading
spot in a periodical path around itsgnom nal current position (traveling
the r-z 30 plane by two orthogonal Puncti ons of tune). This nodul ation
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cal cul att‘f&clﬁ‘xﬁ?etﬁoxe.”or signal, consider a 2-D case. Assunme the z coordinate
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there is no axgal siniplifiedt exahsple d the eadti thg teelingpalgpetan eslcalajesgan he t r ack,
the spot's radial position is nodulated in the radi %J%gl rection so that

t he spotetier $ighdl, corsidem2il) casovsramerthe z coprdinatssis ded sYPR hatdhe hal f t he

time out relative o th ack (i.e..r<r(err) half of ithe ti r>r(err)
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si gnal t%%%%l%s%%}: Ef%g%‘ﬁ?g%l%gﬁawgﬁgﬁgﬁ@f& lotq?gr fnuncti ons such as
synbol  dgleaaHiaP QireEtiGy B6 Miarthe 8potoig Half the tinae o (Phiasdethe deiter lodf thé gnal has
a fixed average and the tracking is perfect, than the average of the "in’
si gnal (disgnaid biatf dt Gohevivsmelative ta the'track (f.el #rh elftad thedimesindr7zek) i s
equal to the " out' signal f th ot's sitj.on begins to.diverge from
the 16 r ab¥fef hedimphAt &%‘ld E%Eﬁ@géﬁgﬁh“eﬁif £eletye P %g‘:kt ?‘Féltt?fih?ﬁ ,¥° {’%e
expansi on t he spiral . . . . | bet ween
er0an, 0l BP0 el PSS Sl Aol desnge et ver,
there weggyhSii bthef Win@idhns sAEh RASIyMbEE defectiohesespbromigtionnto b&0 Two
main factors determne the frequency of the nodulation. It should be high
enough t acdoenpished t If the sigmatl hto affast] avieeapgemndothet thascking & paréect.dbaii on of
the track and the spot, but |ow er‘iOéI%h t verage .er]ougrh at L{HI ts so
t hat t hethsi gveange of the ‘in’ signal (signal defected when spot is “in elafive to the
15 track) is equal to the ‘out’ signal. If the spot’s position begins to diverge from the
track’s position e.g. because of eccentricity of the disk, the expansion of the spiral
or some other reason, then the difference between the ‘in’ and ‘out’ parts of the
modulated signal, ouf - in, is negative if there were a small ‘run-out’ or positive if
there was ‘run-in’.
20 Two main factors determine the frequency of the modulation. It should be
high enough to be able to respond to fast changes of the relative location of the
track and the spot, but low enough to average enough data units so that the signal
will be independent of the stored data. The averaging of the data can be
accomplished by window integration or other appropriate low pass techniques. To
25  ensure that in each integration window the signal is data-independent, DC free
encoding techniques are used.
In another embodiment of the tracking mechanism the error signal
calculation is accomplished by multiplying (inner product) the time variation of
the data envelope (the read signal) with the reading spot modulation function. In

30 this scheme the error signal is weighted by the strength of the modulation, i.e.



wi || be independent of the stored data. The averagi ng of the data can be
acconpl i shed by wi ndow integration or other appropriate |ow pass
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nom nal spot position. BRI EF DESCRI PTI ON OF THE DRAWNGS I n order to
underst aegtioliéng deaeniny spetipeBtieke how it may be carried out in practice,
specific enbodi nents will now be described, by way of non-limting exanple
only, with reference to the acconpanying drawings, in which: 10 Fig. 1 is a
graph sBRIRF PESCRIRLION OF EHE DRAWINGHSs having two different
concentration ratios between cis and trans isoners of a given conpound,

Fig. 2 is a skhedst iccunddrstand shé mvenfiomand ppaccahow ihowyrit engried otthe pr esent
invention; Fig. 3 is_a block di agr,fm show ng quc ional(l)ﬁ/ a f.ead/vvri te

syst em fiorpraeféce, sgeoifie gmbedimenis arillapw pe gescr WA OSHRYERS o)

represent ati qns show ng.t he effect of sinu- i dall lating the
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yet B shown T 5°0 28 BB Rle BT R R R e £ T
different concentration ratios between cis and #rans isomers of a given compound;

Fig. 2 is a schematic illustration of an apparatus according to the present
invention;
Fig. 3 is a block diagram showing functionally a read/write system for use
15 with the invention;
Figs. 4a and 4b are pictorial representations showing the effect of sinu-
soidally modulating the position of the reading head in the system of Fig. 2; and
Figs. 5 and 6 are block diagrams showing details of a tracking system for

use with the system shown in Fig. 2.

20 DETAILED DESCRIPTION OF INVENTION

A solid solution of 10% cis-4,4'-dimethoxy-o,o-diciano stillbene

(hereinafter compound A) in PMMA was irradiated with collinear laser beams of

844 and 1037 nm that were focused through a lens to a spot smaller than 10pm.

CARS signal at a wavelength of 711nm was detected. The spectra of the signal

25 detected from a solid solution of the cis isomer and of a cis-trans mixture is given
in Fig. 1. ,

Fig. 2 is an illustration of an apparatus 100 according to the present

invention for retrieving information from a three dimensional storage medium
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a di sk nfoliotveddand tr an Add cbiverteri@bewhosheutgisic fadtn a decadsrend BEoH| sk, when

nount ed, nmay_be raqotated , ar g;its.c ter b.a%.m)tor 205.. The two |ight

sour Bes deiactipy ande cairectipy Eﬁﬁ 3 i f?g f(&?}l Htinga fs plggpthnyi  errgh g 106
d,to di he. |iaght sj ' ' ' :

220, TeddPin 54 st iorpity GlcBRR! i P Rt bty Be SRR e T a 110
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a manner that the beans common focus %22 is located within the information

car ryi ngmeahting tiidretiehelilisk 1002 so 2t The dighy ivden mevmtedomay denistatedd on an

arm 210, which may rotate around .
around its c)énter by a motor 205. The two light sources 104 and 106 are

15 connected to two optical fibers 104’ and 106" arranged to direct the light signals
110 and 112 to a dichroic mirror, 220. The signal 112 is transferred through the
mirror and the signal 110 is reflected thereby. Thus, the light may irradiate the
disk 102, in such a manner that the beams common focus 222 is located within
the information carrying volume of the disk 102.

20 The optical unit 101 is mounted on an arm 210, which may rotate around
an arm axis 230. A lens 240, of the kind used in CD players, is positioned
between the dichroic mirror 220 and the disk 102. Its position in the direction
parallel to the disk’s surface 102’ is controlled by the combination of the rotations
of the arm 210 around the arm axis 230 and the disk 102 around the disk mount

25 202. Its position in the direction perpendicular to the disk’s surface 102" is
controlled by a magnetic coil 242, which is also used to control small radial
motions of the lens and thus the position of the common focus 222 within the disk
102 may be fully controlled. To achieve tracking, the location of the common

focus is modulated by moving the lens 240 by applying a periodical electric



an armaxis 230. A lens 240, of the kind used in CD players, is positioned
between the dichroic mrror 220 and the disk 102. Its position in the

di recti orwopanaizhel to the disk's surface 102" is contr ol IPed/1bys/aone

conbi nation of the rotations of the arm 210 around the arm axis 230 and
the disk 102 around the disk nmount 2$202. Its position in the direction
perpendi cular to the disk's surface 102' is controlled by a nagnetic coil
242, which is also used to control small radjal notio of l.ens and
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| i ght sources 110 and 112 in conbination with the dichroic mrror 220, the
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si gnal 1mearathe arn axiss230 thrgugh@ Bleeti%r Tho senddyers shedot SRRWR ilhe arm
axi s 230 .tg;ough a filter 152. The laser drivers are not shown in Fig. 2.
The Iargglg' i 0s between the radius of the notion of the optical unit 101
around its axi eGHechadll Y5di0g of ke ARRichasTnanhicheusit 26101 the
spot and thqu'ieéf;%ﬁ?emgée:bmeer? a jbacelnt 0tracks gnd | aye s1 onut he ot her hand
al I ow t hgrolind igP@i9 2B 0w arack radius lba thebhehandand dhd side by thdspatandt i on of
the optical unit 101 around its axis is essentially orthogonal to the
track of thehdistatice beinigencdjactot tuagkk and Hayerysereihg olhsr dvandeallqwt thea

tracki ng servp system shown . generally . as, 125, whi f eeds correction

si gndd t BPRIREIRAgRRhat t %mot@%chnéﬁolﬂeﬁ&yi% ipieiof s S eACRTTABTE ol o
the tracking .errqk. sl . ] I L4 SR spots at the
center oflm(u%g 1fsra§%iﬁse%9%ﬁgil9togt§%@g%&%fﬁ%eﬁgﬁﬁéftg?g%%{%@ql?s Zero. Coarse
notion of spotry gadehieVvedtddy isgirbeide@fwithen epkkidgl seivo tsysiena shual e. Fi ne
motion is achieved by the notion of the |ens using the magnetic coil 242.
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moving the lens 240 under control of the tracking error signal to nominally

15 position the beam spots at the center of the track so that the tracking error signal
is zero. Coarse motion of spot is achieved by motion of the optical unit as a
whole. Fine motion is achieved by the motion of the lens using the magnetic coil
242.

Although the tracking system 125 shown in Fig. 2 serves to track the data

20  sequence recorded on the specific disk 102 as described above, it is to be noted
that the invention encompasses a novel tracking system, which is well-suited for
use in the apparatus 100 described above with reference to Fig. 2 although it is
also suitable for use in other optical data retrieval systems. Likewise, it is to be
noted that other tracking systems may be employed in the apparatus 100.

25 The improved tracking system according to the invention is described
below with particular reference to Figs. 4a, 4b and 5 of the drawings. However,
by way of general introduction there will first be described functionally with
reference to Fig. 3 a read/write system 300 for a 3-D optical storage medium 102

having a tracking system. To the extent that the read/write system 300 includes



20 sequence recorded on the specific disk 102 as described above, it is to
be noted that the invention enconpasses a novel tracking system which is
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i ntroductd i i scribed functionally with reference to
Fig. 3 akgggﬁkaﬁpﬁgﬂgég?g#F%ggmﬁgg?a 3-D optical storage nedium 102 having

a tracking syghemeadAviiteesysiheB00t bahptites &aetiwrshaft 392 tdeiveBOy iancl udes WO
03/ 077240 PCT/1L03/00199 -13 conponents that are common to the apparatus
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306, whi &nrms & ¥t - phlseiteelpded with icaligith L9 hispngoptical yERSA0t ut ed by
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o proquid reTeyfiaa Segantse It Bt R B bt F e d0p BB bove.
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order to0242! Thewpticalfaint0i drdrveanbya testbr 807 o as ko produve thpréquatedst or age
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t hi s endgcoarshend yiwmeanoticn pf ot dewribied Abave.r acki ng servo syst em shown

generally as JI%Se’system further comprises a laser driving circuit 308 for energizing the
15 semiconductor lasers 104, and 106 to emit the respective laser beams.

In order to retrieve information from a desired track on the optical storage
medium 102, the optical focus 222 must be kept on the desired track. To this end,
the system is provided with a tracking servo system shown generally as 125,
which feeds a correction signal to the lens actuator 306 for moving the optical

20  system 245 under control of the tracking error signal to nominally position the
beam spots at the center of the track so that the tracking error signal is zero.

Figs. 4a and 4b shows pictorially the effect of sinusoidally modulating the
position of the optical focus 222 in the system of Figs. 2 and 3. So far as the
reading spot is concerned it tracks data written into a continuous linear data track

25 321 while being subjected to spatial modulation that shifts its position continually
from one side of the track to the other. Although the data is stored in tracks, the
invention relies on the principle that even if the optical focus 222 is slightly off-
center, data signal will still be read, albeit at reduced intensity. Thus, the further
off-center the optical focus 222 is moved, the lower will be the magnitude of the

30  data signal.
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15 and, at the same, continually modulating the position of the reading head, the
resulting moving average signal intensity that is read may be used to indicate to
which side, both axially and radially, the reading head is located. This having
been determined, the reading head may then be moved in an opposite direction
until it is found to be disposed symmetrically relative to the track in both axial
20  and radial directions.

Figs. 5 and 6 are block diagrams showing functionally details of a tracking
system 125 that is described in polar coordinates (r, 6, z) defining a position of
the beams’ intersection in the optical recording medium. The tracking system
behaves substantially identically for both radial and axial tracking. A modulator

25 332 spatially modulates the location of the optical focus 222 by a (7, z) modula-
tion signal and feeds the resulting modulated data signal to the optical storage
medium 102. The modulation signal itself is fed together with the measured data
signal to an error determination unit 333, whose output is an error signal that is
fed back to the optical unit 101 to correct the axial and radial offsets thereof. The

30  modulator 332 in conjunction with the error determination unit 333 constitutes a
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signal c e i i td; t 4l b he o

cos( Cer 0 R AhE A0 SRl RS iEkhl Kant 1S SO EliOh (7RG fomn
representedsiiar), cos(wr)). The output of the window integrator may then be

represented by:

err(t) = tjm I(t)dt

=T

15

The intensity I(#) is inversely proportional in a non linear fashion to the
distance from the center of the track. Thus, when the head is above the center of
the track the modulation intensity is strongest, and it decays to zero when the
head moves far from it. “T” represents the length of the time window of the

20 integrator during which the modulated intensity is averaged. “I” should not be so
large that it impacts negatively on the reaction time and creates distortions; but
neither should it be too low since it is very difficult to construct a mechanical
scanning system.

However, the modulation signal can be any suitable cyclic function which

25 serves to move the optical focus 222 on either side, in both axial and radial
directions, of the reading spot. Thus, it can be a square wave function or any other

suitable cycle function. It is assumed that the frequency of the modulation signal



t 15 err(t) =f ml (t)dt t-T The intensity I(t) is inversely proportional
in a non linear fashion to the distance fromthe center of the track

Thus, whewotobe7he@d i s above the center of the track thePeoduéIDN
intensity is strongest, and it decays to zero when the head noves far from
it. "T" represents the |length of theigine w ndow of the 20 integrator
during which the nodulated intensity is averaged. " shoul d not be so

T
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to CO”StM‘lc{h\ﬁto%f%@s”éscf‘iow?%’}ﬂteﬂg system However, the nodul ati on signal

can be any sui cyclic tunction which 25 serves to nove the optical

focus 222 on ght hekkiziodsperitts botie prindpleahat adominually rexdingtis daié t he
reading spot. Thus, it can be a square wave function or any other suitable
cycl e fumud,iasrthe|sanies castiovally moedulating the qapsdingy obthe readingdbeadithe si gnal

WO 03/ 077240, PCT/1)1.03/00199 -16-. i s nuch l.ower, than the,freguency at which
data is Yeéﬁﬂmgﬁﬁévmgn%’ﬁ?genﬁl%aﬁ%@ml%ﬁ?t {hEadgpay E’F 4564, £0 3{1*{8#)3 Ass

filter. The.t K} t . 1 NG t | : di
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readi ng headdetbhfined, fiRSYptidal JodiBVhAg tiRsrEb@@foveiddinain oppesiteiditectibat is read
may be used to indicate to which side, both axially and radially, the

readi ng hetlditiis fowmohtete didfosed ayinmgtridadlyrrethsivertoi thedracktia bopl iastal f ocus
may then be noved in an opposite direction wuntil it is found to be
di sposedang radialrdivegtipys.rel ative to the track in both axial and radial

o resil one IOt Lo G BRI ABeR SRSORRRLI D (oo
Lo ST UBREL b3 LD gph Ml emista s ngrapant ¢ of
are equaktovedppldaadheiticn intthe bulki ofihe ahatepal, dakilkbenadestood that the
principles of the invention are equally applicable to other kinds of optical storage
media where data is stored as a quasi-linear data sequence.
15 The embodiment illustrated in Figure 2 is only one of many embodiments
available to the artisan when designing an apparatus according to the present
invention. Some non-limiting examples for variations from this embodiment
include: the lens and the mirror may be replaced by any other optical means
which is known to bring to the same result, the optical fibers may be omitted or
20 replaced by any other wave-guide, the combination of a disk mount and an arm
axis may be replaced by any other means for controlling the location of the
common focus in the plains parallel to the disk’s surface 102', etc.
It should also be noted that although the preferred embodiment is directed

to retrieval of data, the tracking system according to the invention is equally

25  suitable for use when writing data to the optical medium.



medi a where data is stored as a quasi-linear data sequence. 15 The

enbodi nent illustrated in Figure 2 is only one of many enbodi nents

avai | abl ewp®3phe4@rti san when desi gni ng an appar at us accordirngoymithe
present invention. Sonme non-limting exanples for variations fromthis
enbodi ment include: the lens and the mrror may be replaced by any other
optical neans which is known to bring to the sane result, the optical
fibers may be omtted or 20 replaced by any ot her wave-gui de, the

conmbi nation of a disk nmount and an arm axis may be replaced by any ot her
means f&LABMSiol Iing the | ocation of the common focus in the plains
parallel to the disk's surface 102', etc. It should al so be noted that

al though the %%ﬁgﬁ%ﬁe%)remwiﬁ Hhioraflbh S86R0a thive! SinfdrRitRh] forfigd @, the

tracki ng-syst according to e tnventiton Is equally 25 suitable for use

when W ididignt #@methdd@mpidieal medi um WO 03/ 077240 PCT/1L03/00199 -17-
1. A i evi

CLAI V5. rethod for retrieving information froma three di nensional

storage nediusing nithravedinmsionabstoigegnediyim gomprisinganda¢iveSReHEIM st or age
medi um conprising.an active nedi ym .5 capabl e of being in t sgal es,

wher i ncapapdt T UiRg iy tWé’pﬁté@évntlereb‘% 3 &%arlﬁ}lf 5 r‘??é‘?ﬁg‘[ﬁqn]%gﬁ% SHent ration
of the first apnd second .of I i i i on of
sai d neI?FWegn eacoalgf?@&%tgodhgﬁlct:ﬁe% ?}éﬂr@gg@é”?gﬁ? e%gasggl ‘gggesaé&%ng{e@ %?é%uch dat a

uni ts; LELAGH Bbiih SRl ARdinig ofiRGH di Wb lenkt afepasschddyncanieate | i ght
flux 1o through a volunme portion of said storage nediumso as to generate
i n sai doyehdin@atapaits; on a detectabl e non-linear optical response
characteristic of said concentration ratjoq; detecti ng{i sai g}g‘ri Nzl i near

optical respomesdiating saidi asiive prdmmarWih g &g t9 FOnSERLEALy Wortion;
A Sauthorsh e ST PRSE slodlad SLELRYSOS AAkéhetil th SRAVBNGR. ' M 2
portion a detectable non-linear optical response characteristic of said concentration
ratio;
detecting said non-linear optical response to retrieve information stored in

said volume portion; and

15 tracking a data sequence for retrieving said data sequence in a reproducible

manner.

2. The method according to Claim 1, wherein the said non-linear optical

response is related to a x® process, where n is greater than 2.

3. The method according to Claim 1 or 2, wherein the active medium

20 includes stillbene derivatives, azobenzene derivatives, or mixtures thereof.

4. The method according to Claim 3, wherein the active medium is

embedded in a supporting matrix.

5. The method according to Claim 4, wherein the active medium is doped

into the supporting matrix.

25 6. The method according to Claim 4, wherein the supporting matrix is a

polymer.



2. The nmethod according to Claim1, wherein the said non-Ilinear optical
response is related to a x(") process, where n is greater than 2. 3. The
nmet hod acworidior4é o Claim 1 or 2, wherein the active nedi eeT/IR@G/Gomw udes
still bene derivatives, azobenzene derivatives, or mxtures thereof. 4. The
met hod according to Claim3, whereinjghe active nediumis enbedded in a
supporting matrix. 5. The nethod according to Claim4, wherein the active
medi um i s dop into the supporting.matrix. 25 §. The nmethod according to
G ai ma. Tanor dihe el RsoRiNG e B o Hierga) it ROT VDT
PCT/ 1 LO3/ 00 - 18- ] accordi .0 Claim®6, wherein the active
medi um i & %%?li%n%oﬁ%?g%})e}%gﬂ%n@%géﬁ)%r © éltlgupporti ng matrix. 8. The

nmet hod according to any one of Clains 4 to 7, wherein the supportive
matrix i g, trangpahefodtaecoiiéng todhily drer TRALAE 406 7 tvhern tie duppottixght
generated by the 5 non-linear optical process. 9. The nethod according to
any one ofiatkas tmngparentsto thi dight nradiated oppband (e thentightigenenatask b the

pol yet hyl ene, pol ypfapyl ene, pol ycarbonate, and/or poly- nmethylnmetacrilate
( PMVITHe) NOBHHICE OﬁﬁF?jrereéﬁ-spar ent polyneric material. 10. The met hod
according to any one of Clains 1 to 9, wherein the irradiated 10 light is

focused 0 a t i =Tol t f : s BN di at ed

[ Tght or o eas TEmeRRd e i iy Xne ARALASS B 8, WheRRInc ol

wher ei N therikNcBRPrisls Sblyéthglent, i 1lehg hpolyzaiboahtee naddhy fvtyt he
gener ated si gnalﬂl?é be 1|§t§1%zlfepgndentaﬁb}?\irrlglgi%aon. 535%22. The et hod I?g}(’:or ding to
any one afetlylaetscrilated PMM e ramidror totleer nomspareniepolymere meateriald | i ght i s
separated fromother |light signals that may exist in the environnent by a

filter, prism_nonochromatoy. or any other aptical _ elenment known in the
art. Fi(). mThe method accorc{mg fo Sy one of Clatins 10 9, wheremn the intadiated

N

10 light is focused to a spot having a radius of the order of 30 um of said irradiated

light or less.

11.  The method according to any one of Claims 1 to 10, wherein the intensity
of the irradiated light is high enough for the generated signal to be independent

thereon.

15 12.  The method according to any one of Claims 1 to 11, wherein the non-
linearly generated light is separated from other light signals that may exist in the
environment by a filter, prism, monochromator or any other optical element

known in the art.

13. The method according to any one of Claims 1 to 11, wherein the non-
20 linearly generated light is separated other light signals that may exist in the

environment by satisfying phase matching conditions.

14. The method according to any one of Claims 1 to 11, wherein the non-
linearly generated light is separated from other light signals that may exist in the
environment by phase sensitive detection, a low-noise amplifier, a lock-in
25  amplifier, a box-cars, gated averaging methods or any electronic method known

in the art.



13. The method according to any one of Clains 1 to 11, wherein the non- 20
linearly generated light is separated other light signals that nmay exist in
t he enviwoment4by sati sfyi ng phase matchi ng condi ti ons. PCAILIBMW19%et hod
according to any one of Clainms 1 to 11, wherein the non- linearly generated
light is separated from other |ight_giggnals that may exist in the

envi ronnent by phase sensitive detection, a |l ownoise anplifier, a lock-in

oo 5 BB BRI D10 R "
accor di ngp i @&m@}%\{hﬁ{% %}o% Which nforhthtiothe F&HBydd R abRic98d f)% Bcusidg, t he

vol unme portion fr information Is retrieved is achi eved by T ocusi ng

two or nowe crehbiersdlindar gilght bemnsatahidswilome@outien. porti on. 16. The net hod
according to any one of Clainms 1 to 15, wherein the large 5 flux in the
vol ume portion fromwhich information is retrieved is achieved by

i nt er sectlibng t Woe snethod aceerdingte pppRte Wédasimedce bY. wheteh the large
nmonochromatic. , 17.. The t hod according to _ any. one.of .C ai 1.to 16,

Wher et dhE fofhe' Folmbit pORatChp i RBiea, Bt s s oh HRPd Bence
process. : i I 7 i ﬂﬁlﬂ i near

opti cal 6%%{:5(?@1% ?{25 P’gﬁ}a&tg \i\’gé%ﬁg? gﬁp?elgll}ggr’ gléééle?\%‘\gﬁ%?lg%: glsagla% Cé met hod
according to any one of Clainms 1 to 16, wherein the non- linear process is
sel ect ed 1t omTlrharetidd AcdarditiofoemyRamanf Slainhe i togl§, GARSGEIn tHeegemer at e
Four-Wave M xing (DFWM,  Raman | nduced Kerr Effect Spectro- scopy (RIKES),
and/ or otlinear ¢ neecssHisd myltpplarer dueresgenceproqass. met hod according to any
one of Clainms 1 to 19, wherein the data sequence is tracked via a tracking

eeback 3. 9nhl Bhucl G5 s | 06ubhol 130850 e Bon BREHA GRG0,
further i: i i ing errors in the optical storage nedi um
by: glg (é?%‘l”? ct fﬁgﬂg%ggﬁgﬁygﬁg% that is nomnally focused on to a track

in the
19. The method according to any one of Claims 1 to 16, wherein the non-

linear process is selected from Coherent Anti-Stokes Raman Scattering (CARS),
Degenerate Four-Wave Mixing (DFWM), Raman Induced Kerr Effect Spectro-

scopy (RIKES), and/or other four-wave mixing processes.

15 20. The method according to any one of Claims 1 to 19, wherein the data
sequence is tracked via a tracking feedback signal for directing the light spot to a

predetermined volume portion of the storage medium.

21.  The method according to Claim 20, further including correcting tracking
errors in the optical storage medium by:
20 (a) directing a reading spot that is nominally focused on to a track in the
optical storage medium,
(b) continually moving the reading spot in axial and radial directions,
(c¢) receiving a signal having an amplitude which varies according to
respective offsets from the track in radial and axial directions,
25 (d) using the received signal to determine a direction of a respective offset

from the track in radial and axial directions, and



optical storage nedium (b) continually noving the reading spot in axial
and radial directions, (c) receiving a signal having an anplitude which
vari es acworodiong4¢ o respective offsets fromthe track i npcadiedooassd axi al
directions, 25 (d) using the received signal to determne a direction of a
respective offset fromthe track ingpadial and axial directions, and WO
03/ 077240 PCT/1L03/00199 -20 (e) adjusting a |ocation of the reading spot

accordingly. ,22. The .nmet hod acc ing.to Claim?2l, erein directing the
readi ng spot (€ néﬁﬂﬁgggﬁiﬁf’%’ﬂnngtg?rq%ggﬁsﬂoaﬁcqqrm&?our ces whose vol une of

intersection constitutes the reading spot. 5 23. The nethod according to

G aim 21 00 225, Mk d“aE@b‘fﬂﬁh% 'théla{h%a@][,.”@hﬁﬂ%% diﬂe@ﬁﬁ%‘i‘ﬁér %@hbtng a
position of the reading spot th a cyclic function. 24. The thod

accor di ngnéladéd alirecldg athésasi nwbhglety sburces unkéseoroldne sufbiit@nedtin y

sinusoi dal. 25. The nethod according to any one of Clainms 21 to 24, wherein
recei vi ngosstititesghgyreadingéioides: i) reading a data signal with the reading
spot, ii) nmultiplying the data signal by a cyclic nodulation signal to form

dul ated d i | diji) !l filteri .th dul at ed dat
o, il atgd dat SLAnal S PRIRIRESS, LHLLSE Mg Rt ates, dete |
i | udes ;..\ i 1-_g: : LohRal Th t hod
1l U b BCOMOLDLGEE RGN (RHULRAGOR SLAR pdn, T oL h0d

processi ng detected signals and retrieving information therefrom 28. An
appar at u4( 100)hef enicthed raceidigg i tof Qlaat 1230 Wherie ther geldi fAeiksbanal 20
storage nedium the apparatus conprising: a nount (202) for nounting

t her eon asubdinrtéallyi siewssiidalal st orage medi um (102) conprising an active
medi um capabl e of being in tw states, wherein a data

25.  The method according to any one of Claims 21 to 24, wherein receiving a
10 signal includes:
i)  reading a data signal with the reading spot,
i) multiplying the data signal by a cyclic modulation signal to form
a modulated data signal, and

iii) low pass filtering the modulated data signal.

15 26. The method according to Claim 25, wherein low pass filtering includes

window integrating the modulated data signal.

27.  The method according to any one of Claims 1 to 26, further including

analyzing and processing detected signals and retrieving information therefrom.

28.  An apparatus (100) for retrieving information from a three dimensional
20  storage medium, the apparatus comprising:
a mount (202) for mounting thereon a three dimensional storage medium
(102) comprising an active medium capable of being in two states, wherein a data
unit is represented by the ratio between the concentration of the first and second of
said two states in a given volume portion of said medium and a data sequence is

25 represented by a sequence of such data units;



unit is represented by the ratio between the concentration of the first and
second of said two states in a given volunme portion of said nmediumand a
dat a sequwp®ad/o7R40 25 represented by a sequence of such daraTanexy®i99\O

03/ 077240 PCT/1L03/00199 -21 at |east one source of coherent |ight (104,
106) for irradiating said active ne@ilumwth [ight as to concentrate |ight
flux through a volune portion of said storage nediumso as to generate in

ux th . N . . _
char acter ot | o srhafly SEEE LTROERANTATIRA, 166 KERra I EFRIASR, aciye

det ect i n@ediding wightighingato @cnideﬁﬁchten@gqﬂqn@@tm@u%mmo@xaﬁe porfie BRE&hAN St ored
in said volunme portron; and a tracking unit (125) for tracking a data

sequencestbage meedineyings dagdnatatean swdvehwee portianradetediableohen-tmearer .  29.
The apparatus according to, Claim28, wherein said non-linear optical io
r espons PRI} Espensesthagacteistis|of spidLoncent alapdrlifgt h, pol ari zation, and

pr opagati on i [ Op. . at r di.- i : erein
the at | east %n%é%g%thlr Qlez Oi& or gg%%rg%? d i%{ﬁﬁ—ﬁxﬁﬁa&o&é@% %ﬁp %:St%l @]el%?riieé’\g? sour ce.
31. The ApRARAoAStEEE M HiBFoliin&haition38nd Wher ein the active light source is
a 15 laser. 32. The apparatus according to Caim28, wherein the at |east
one source fom trackireg enit (125hfor itrackinges dataprgsence for gétriesig éd dad. The
apparatus according to any one of Clains 28 to 32, further including an

al gorit hi?ﬂéeléﬁi@r@rm@ﬁ@élﬁﬁﬁe PRBYL. f or anal yzi ng and processi ng detected
signals 20 and retrieving information therefrom 34. The apparatus

di : - ) h i s .
Soant od 291 °¢ AR ReahS ABoitad o Chaite “elalf shliE ket Bolicdinn” for
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direction.

30. The apparatus according to Claim 28, wherein the at least one source of

coherent light includes an active light source.

31.  The apparatus according to Claim 30, wherein the active light source is a

15 laser.

32.  The apparatus according to Claim 28, wherein the at least one source for

coherent light includes a passive light source.

33.  The apparatus according to any one of Claims 28 to 32, further including
an algorithmic error detector (128) for analyzing and processing detected signals

20  and retrieving information therefrom.

34.  The apparatus according to any one Claims 28 to 33, wherein the tracking
unit (125) is adapted for tracking the data sequence via a tracking feedback signal
for directing the light spot to a predetermined volume portion of the storage

medium.



-22 35. The apparatus according to Caim 34, wherein the tracking unit
(125) includes a tracking error correction unit for correcting tracking
errors, tWeo0aruaso correction unit conprising: a positionPewduddawoer (332)
for nmodul ating a position of the reading spot, 5 an error determ nation
unit (333) for receiving a data signgl _having an anplitude which varies
according to respective offsets fromthe track in radial and axial
directions, and is responsive to the.data signal to defermn irection
of a re&¥pectTha appargas 4@8?@"{%@%& 1;’48‘: VasicH ﬂ%éraﬁiﬂ%l u’&l‘?r@%g] ons,

whi ch of.f set.s be fed to opft: 01 - Al d axi al
posi t i or*ngl?lflﬁ ga%qﬁkf%errr%raé?rﬁég&%fo&@%g@ ccggécttl?ggraggﬁ%gﬁglg & g{reg%rﬁgpt o Caim
35, wherglRti (Mol t is a volume of intersection of at |east two
|'i ght sour Cg@ﬁﬁggﬁg‘égﬂgﬁ the track. 37. The device according to d ai m 35,
wher ei n t he ppssitibromodotitdra882) for medidgtireda positionl of tiearcadipgspot, on of the

readi ng spot with a cyclic function. 15 38. The device accgr ding to Caim
37, \her ei n arhettoy cletmingiion; vpiti (@33 dok teasiviag |4, datansigaplyhrvinggan The

devi . di . f ' 38, wh i .

dot er m HEERACGAHICH PR decoipetn termensr oraao b eitnys Btofaliihe dat a
signal by;a cﬁ}{éf::pi'oﬁ%%(auigz‘%p%gisingO $HhO8ah s?%ai & RerRdY aedicdadfa si gnal ,
and a | ow pass tilter ( or | ow pass tering the nodul ated data

signal . fpechiie oifkt GonparaiatikG fadiaClaad mxa dirsbeoes, whibie offseispass il ter
is a window integrator (341). ) ] - )
be fed to the optical unit to correct radial and axial position errors of the reading

10  spot.

36.  The device according to Claim 35, wherein the reading spot is a volume of

intersection of at least two light sources focused on the track.

37. The device according to Claim 35, wherein the position modulator is

adapted to modulate a position of the reading spot with a cyclic function.

15 38. The device according to Claim 37, wherein the cyclic function is

substantially sinusoidal.

39. The device according to any one of Claims 35 to 38, wherein the error
determination unit includes:
a multiplier (340) for multiplying the data signal by a cyclic modulation
20  signal to form a modulated data signal, and

a low pass filter (341) for low pass filtering the modulated data signal.

40.  The device according to Claim 39, wherein the low pass filter is a window

integrator (341).



