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25 August 2006 WD 03/ 077240 PCT/1L03/00199 Met hod and apparatus for
retrieving information froma 3D storage medi um FI ELD ORsTkfedsNMgyT! ON The
~invention relates to nethods and apparatus for reading information. froma
3D opti ge nmedi um BACKGROUND OF THE I NVENTION 5 1t has been
suggestgﬁgﬁ&’%g art, to store information in three ditf AL LY opti cal

st orage apparatuses. One of the problens to be solved in such systens is
how to read information froma particular point without letting the reading
| ight beam being distracted by the storage nedi um positioned between the
reading |ight Mflﬁﬁﬁﬂﬂa%ﬁ@-ﬁ@dﬂ)rﬁ@fﬁéﬁ affoPRhfibn 10 WO 01/ 73779
co-owned by the owner of the present invention, suggests reading the

i nformati on by two- phot ofreabs 8Dps¢torage thedinim s net hod, the informa- tion
stored in a particular point is characterized by the absorption coefficient
ina certain frequency v, and the reading is carried out with two |ight
beans having frequencies vl and v2, so that vl+v2=v (v1l-v2=v is also
possible). Only when the 15 two |light 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 nedium shoul d be transparent to |ight having a frequency vl,
and also to light having the frequency v2. Regarding the storage neans, it

is sug [ o use a 20 matrix carrying stil bene
FRELTORTME AVERTION

deriva g one characteristic absorption in a given frequency

“when in thergi S , Lot - t 2006 WO
031 077240 P TTEARTH TG 15 RS anliifalelts F LIRS inBanBBUCL POl di ske

in gengiodl a 3DGpEMAIStdrape Méditupcul ar, data is stored along tracks forned in
the bulls of tﬁe optical disk and is '

BACKGROUND OF THE INVENTION

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, 50 that vi+tvs=v (vi-v;=v is a136 possible). Only when fhe
15 two light beams intersect, the light may be absorbed and reading takes place. In

all the péints where the two beams do not intersect, there is no light of frequency
v, and therefore no reading. The storage Iﬁedimn should be transparent to light

| having a frequency vl; and also to light having the frequency vs.
Regarding the storage meaus, 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.




read by focusing a | aser beam produced by sem conductor diodes on to the
tracks, while spinning the disk on its axis. The tracks GeRghal 2006CONPri se
spiral tracks on 5 which data is witten and fromwhich the data is read.
Qobvi ous &ﬁ,,ﬁg&ier to retrieve data correctly it is essential that the
reading ' head“can |ocate and follow a desired track. PRIEHEOPI%e this | eads
to two different kinds of tracking problem skipping fromone track to
another and faithfully follow ng2a single track. For the purpose of the
present discussion, it suffices to 10 observe that these two different
tracki ng pr g,gég'r Jo t i tA BDYRENt that the
nmet hod of t?gg %%i S reeiﬁggﬁ'gnsiu@??@to@&g%g%ﬁl gﬁgéar%t@gn]? thei&‘l pr esent

‘i nvent particular, cdatade stosati dohgy tradksfotnie is dbobulk of thehepticabdisk etd Bns. US
5,592,462 (Bel dock)_ i ssued Januar)() 7, 1997 entitled "Three-di men- sional
opt i careaddydocussieaylasarhgamareducediby semicondistar diodescado theftasks.onal opti cal

15 d d i.eval havi hree di ' I i cal
dat o stbnaghAga A andf S, T haksaety onph sebelBadediar 2 st ored on
t hes ”eWhiEHda'te[‘isvﬁﬁfgﬂaﬂa'ﬁiﬁn%ﬁdﬁtﬂ@ﬁ%ﬁi}%&du the data storage nmedi um

i ncl udes a nunber concentric s each of which has a curvilinear

dat a st or ag@beivuslpdeofder tetetidveglatdadrecilitds osseiidal thit thehatimat i al |y
paral |l el data tracks. According to another aspect, 20 the data storage

medi unheascsandeenteand fallow & desisddrask olnapyacticarthis deads toswe diffareat r ot at abl e
Runber RS SR woB5 il Tl B8 ik 36 sl MRS, ol U
”anSp?JlﬁRﬁn%WSsﬂ%{y\zradﬁ?%P%lgcr C@Rﬁ@&t&tﬁé‘gigsgﬁ diddGsia, at hiffieksSo | n use, each

shel | or dat t Or age  sur S rotat out a common axi s and tracking

I s 1@chbleseevt thyt tHeseaoiol diffetehetradkinepdbirmsheqritd differeghséliigorpindcal | y
transparent windows on to a data track of interest. Thus, this reference

i s not toathiglexteabihat the methpd of taekiag dsrelavent ta the pregentapventign, theor age nedi um
wh in the.data i t d, i tiple | .. Th in which CD d
o, g Ao S AR ABIPOE S BB, .,
readi ng SpoUS%B9§96§W%eM&E}‘ 2061 TRARKHS ’7,”9997‘;%&%@“ hrre%/—diz?igq-o‘c a reflected

spot by position sensitive detectors. "This allows calculation of the 25
August sighklcopt\l Qb Gtok2ge aRE¥elriebdl” AktlBes a three dimensional optical

15  data storage and refrieval 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 comumon 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 trauspafent 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




-3- position of the reading spot and subsequent adjustnent of the reading
head's location based on the neasured error. US 2001004084,pubbagghed Nov.
15, 2001 (Sato et al.) entitled "Tracking servo apparatus of opti cal

I nf or maty rding and reproduci ng apparatus” 5 discloses a tracking
servo aé%ggg73%9using this technique. Thus, reflectiofGYYVO8Bt ai ned when
a laser beamis irradiated onto a recording surface of an optical disc is
phot oel ectrical ly converted, thereby obtaining a photoelectric conversion
signal. A tracking error signal show ng an anount of deviation of an

i rradi okifign dFOMkleMIn®fspbtnnd 88REqRARMdfufmedt OFARK redliifs UbiPs radi al
direction on the recording to surface is generated by the photoelectric
conver dogation bgseal on the sphsrédalroraberrati on occurring in an optical system

is d d, al | of th Ki [ [ d h
basi < of ¢ niISRREEBs4mblsicd v 18001 St demhguiidast Sreries the |aser
beam i_s rr%ved W) ”b Odi.sgl { di %Iﬁodi ‘rgeoc%,tli gn i eaccc%r dnance \Mc.z}u%’ the | evel -
corr_ect‘%’a) t?pé)gl’(‘?% rfng S g"ﬁﬂi 1oy gt (_ﬂl &’é”&n%” ) {%} 4t @n?ﬁf%. , 233, 210
pubki s kpd1d¥BY a kPack 3 GbroStiRdtus uslRY ks kechnRBE] Thied reffiRtibg Hghelr i ve error

tracki ng nmet hod and apparatus” discfoses a nethod and apparatus for
obt ai niobtpiredt whek erigsee bean is imgadidted ontoam razptding burdicgkof anpbptical whi ch i s
general across the various data formats found_in CD audio disks and DVDs.

‘A phot disétis pbetoelslrically senvesteds therlhy obtaining aphetpslecri¢ sayersiPsense the 20
refl ected Ser am_A.di fferential _anpli .rackin Lor signal is
gener alsﬁatg\ &%%ﬁﬁ%?ﬁr?fgmgqﬂ SEP@HJ&I m’s?rpgﬁﬁtaﬁllél%ﬁia{lﬂ% Og i@?ﬁ%@ﬁ%‘%ct I ve areas.
Thesew‘fp.%&iﬁbﬁ PETWe & HerRi forla @AckANNsS BAdil BRSSP bn IR RicaidMg1g t he

read/ wite head in communication with a desired track using a photodetector
hav ng soafhde ip igenerated by tise phoddelsotrio envassion sigmi.tA sphesiealsibeiratiordet ect or f or

detecting a 25 conponent of the read/wite | aser beamreflected fromthe
sur f ac&ceing dn gpraptiedl systeexis detpeteop hevebst Bigdraokmg erzor signat énpensat i on

trans %&gcté oft the ggs?s' thhea&gtéjcﬁtoﬁgs}ult,ogn& % i%r%&i%l% iptogitigr? %'intheZS August 2006

* 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 1.} 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 1o sense the

20 reflected laser bcain. 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.




-3a- U.S. Patent No. 6,009.065 discloses an optical pick-up providing 3-D
reading of binary optical information froma nuitilayer f di sk by
means of fluorescent sites excitation. 2-D information aitﬂ{gﬁ%éggtg%r ate

| ayer is recorded by c¢hem cal transformati on of a photosensitive materi al
from one stable nolecular formA (non fluorescent) to other stable

nol ecul ar formB (fluorescent) via W light illumnation. Only one reading
laser beamis focused to the desired |l ayer, which induces fluorescence in
t he whol e volune confined within conical surface of the focused beam An
active medi um whi ch posses the flueflascing properties is organized in a
formof nultilayer optical disc. Fluorescence at the wavel ength different
fromthe excitati on wavel ength is detected. The detected signal undergoes
spectral , spdtbaPatentl Moe6M0865 disclosest imnnoptivabrpiekupt @rmaij]%cg.gi gnal from
t he noi se_{.l uogescence. com from.all out;of-focus layers. Dichroic mrror
and/ or . r&f g gf%u?ﬂqqagﬁﬂaq?@wﬂtq @&imﬂ%lg]ﬁfﬁsﬁ%r@ﬁ}éw meaas phot o

di ode fr, | sk _ L af k- . 6,291 132

i scl osey ToleR RES Exbittipa DY Ml ot MeSepirll o ¥ esbrdel bhoror y

devi ce bhghbabmmfmnaﬁmbfnqthoﬁeuﬁﬁwmmﬁomsd&rétﬂ%ixﬂél@ﬁnﬂgati on at

hi gh i nforrri;' %B ensity. The actiye nediumis a nmaterial capable of

" existing rescepYdteesther stabls mojeaan farwnBf(fluarescens) ¥iw BV o anot her
can be §; . [ ' | thi erial by a switing'
el ect ro%ﬁgﬁﬁé b agf gélgnrg%gﬁ/#%gam%br%ﬁl ?p’%&ﬁ‘%‘rﬁf the qﬁge'ga\%& i me the
ot her ihihEinidgces Futrestegapinthe wholé VoRnSS 6QTHRIURRRN donitdl SRtRARY this
material by a "reading" electromagnetic radiation wth a second spectrum
By vir ta%t%sfocqswi hmﬁnwgﬂwwﬁmmq&t posestheifingreshingfgropertispict rum
el ement ?‘!“ﬁ?l r r .. Wt hi- diym mat erial ., cont gi ni ng
substant ra yci ?‘hg %’é@egf?ﬁ%%&FE} Pgﬁﬁ?‘ﬁﬁﬁ‘r fﬁuorggfﬁn. ‘B‘ef‘%ﬁ%@’rﬂ"? B or m whi ch
I's capadiffereat fromoOthe CORIALOH .ﬁaee}_ggéqgr is QRfciMll Cnd Sdeﬁﬂ%d Tg\}%%nf ormation
is stored within the medi um as nunerical values assoclate " the anount
of one Widergges Fpesimel,i spatish ans Sectpani¢ {ibratiodi inrardartbaixtradt siphdlifome! enent al
cell's g8 hbis kS dollild! ddnbilE £k b Sul L 165 2es S ic asmmnr and/or

filter is utilized in the optical pickup to prevent the photo diode from, the reading

laser redijstion.

US. Patept No. 6,29),132 discloses a method of manufacturing a

fluorescent 3-D optical memory device implementing an active medium capable of

storing information at high information density. The active mediwn is a material

capable of existing in at lesst 2 isomeric forms. Transition from one form to

apother can be induced wpon illuminating this material by & “writing”

electromagnetic radiation having a first spectrum. At the same time the other

isomeric form is capable of fluorescence upon illumineting this material by a

“reading” eclectromagnetic radiation with a second spectrum. By virue of

illuminating with a radiation baving the first spectrum, elemental cells are created

within a medium material, containing snbstantislly the same isomeric form, which.

can be either that form, which is capable of fluorescence or the other one which is

not. The infoxmation is stored within the medinm as pumerjcal values associated

with the amount of one of the isomeric fonms of active medinm contained within -

elementsl cells distributed within the active medium. .. A




-3b U S. Patent No. 6,128,267 discloses an active tracking nethod for
optical disk storage. According to this technique, Iaser‘§éﬂ St&@)focused
in an accurate nanner on selected tracks on an opti cal d%s ecoré%ng
medi um by nmeans of an analysis of output electrical signals froma
dithered light source. This results in the production of - -an electrical
signal which is proportional to an anount by which the 1|ight source in the
systemis to be noved, relative to the tracks, in order to achieve desired
tracking of the focused spot along a desired track on the medium U. S
Patent No. 6,034,929 discloses a systemfor creating, reading and witing
on rotatable information storage m8ei-a, and.a nethod for nulti-Ilayer |aser
source positioning. According to this technique, a |aser beamis split into

two beans. I r b i scjllatorily at a first frequency in a
di rection as@gi%@gk%%ﬁﬁkég%&%l"sﬁfa“oécélﬁefttﬂ@k@g\m{?thbmfarvapﬁoﬂ nore |ayers
of a rodgkadaps.NASdoiBh ; ' that is,.in a CD-ROMIi ke
device. The sefond beaﬁ#?gtm%SC|IIﬁﬁgﬁg%;ﬁggﬁfgamﬁ?dﬁPQEéGﬁHmFdifferent)
f r equenpianner oo skleated tracks sm dnhapiticial diﬁlﬁ)!‘&foxdigg%dﬁﬂﬁi bh Fhddds 3FERSS an edge of
a refereg&g.“g§c§ﬂﬁgﬁ§ar e filters are used to examne the Teflected
Li ght sEE1% 9 Lip H@aﬁw‘scfmw&tth%dmghmm. Thistdsmlts sthe | i ght
SOur ce . sro@idionVeT & tricaPsi at us LSipg: a nount for
nnuntidﬁbthereon a thré%pﬁé#gﬁ@%ﬁﬁ%?ﬁg?éﬁgéggﬁﬁBHWﬂW$&gﬁ%Fiégﬂg an active
medi um apirec ot thesystgm iistotbemavied] RRtiveREHRItACKS, §2bRer 10Hchielbs T €PF esent ed
by the 4%1# b L\A‘@'{&eﬁflt e concet[r%tlprati on,of the first and second of said two
st at es 6?%%% % SP9fengra desired treck anthe mediwmlat a sequence i s
represent ediy. PaeRANSNG its. at | east aqpe source of
coherent light for ﬁsr a;g?&a)’tg%%g%&gg%t gcs&?ﬂ\%; R EgPd as to
‘concentwizing ¢11gmtalﬂbdnfonﬁnﬁnnghr@amédimndm%&th&pf@fmﬁﬁh%wlage medi um so
as to g§aprate.jn.%aid v lunelggrtion a defectable_ non-linear optical
respon gﬁé%og{ﬁo@’rqbsﬁc&"‘g'f“gstai cBrvies &t lesr beaw i, splindntoatwol | near
opt i calbesfis PRHSHrsPBdaiis BLiRLS ﬂécgfes ere.n is greater than 2,
all ow ng for spatiall§ separ§¥iﬂ6@§ en n-éf%%%?ugﬁPP€§PQ%3§ponse from
ot her Mitjrgoniod & ibsary fecus ovithin two or more layers of a rotatable information

storage medijum, that is, in & CD-ROM-like device, The second beam is

oscillatorily varied at a second (different) frequency in a direction so that it moves

back and forth across an edge of a reference track. Separate filters are sed to

exapune the reflected light so as to simultancously contro] positioning of the laser

light source nlong two axes.




propagation direction characteristic of the non-linear optical response
satisfying phase matching conditions; a filter accommdaztselgué'dgtmGOpt I cal
path of light coming from the nmediumto separate the non-Ilinéar optical
response fromother light signals; a detector for detecting said
non-1linear optical response to retrieve information stored in said volune
portion; and a tracking unit for tracking a data sequence for retrieving
sai d data sequence in a reproducible manner. In accordance with a third
aspect of the invention, there is praki ded a nethod for correcting
tracking errors in an optical storage nmedi um having nultiple tracks

ar r anged apparatilf feemprisinkay emsust! for Mao@fingClerédhof Agec MRsteaidna] heora@s hod
conpri si g%ﬁ (r%l) di.recting. a reading spot that is nomnally focused on to a
track i nToHBIRFPMELTInG pp RSk medigny fapabl)ofding i sateh uheein Belatdeadi ng
spot in j 3l di ' c j v ' | . havi an
anpli tudgﬁhvmq% Eeﬁa?%glﬁt?g'g§atgg5{}t§3f%%t&{[%§n ;déaes%)%ncctE llﬁ\gagio\éf#}%ggﬁ ét%{r}l ?n’sleF ‘%}ad ?r ack in
radi al asaldawadtate ireatdions yoluthe patiog dffiid geeivvedndiaofah stqueded @7 M ne  a
direction of a respective offset fromthe track in radial and_ axial

di rect i oFfPTesgigd ?’3)3 seqigne ©f fichadate paits: b last enssopesdifinghersat light dor di ngl y.

I n accor gaiefindishiy (jﬁﬁ{f@lﬂe ﬁn?ﬁr[&ﬁq}ghf)gs &NSnk \ﬁ%%tl'i%@ﬂu&%oﬁgﬁgvef yl ded an
error correctiron device tor correcting tracking ®rrors in-an optical

‘st orage pedionwf lsaidistrgagamiediupl so by Rcgepite angad volintt pdrdoe atdeteateles of the
optical storage nedi.umt hat ﬁre read 25 August 2006 -4 SUMVARY OF THE

| NVENTI d%PfEhB%a i PEARLsTeBRONS ChatacleRsti O AL BRiE\GoaeenTataR Aakip, dhel nopdingss f or
retrievi BGical ' t | | I '
Embod megt e bl PR PEiR el @ s PRCTRIA R prph O ARE RO S
met hod asmitisls separativgrtbe tnbe-lineadostivat rexpynsdrird dtiertlight epseRtdualth
orthogonal directions. .In accqrdg&%e wth a first aspect _of the invention,

there i sPISPﬁgf"itlﬁ&Salr&Ct}@t Hrepctaristic L the napr ingar eptisehiespenfe srbTy RS Phrse

di mensi of@lchiti-0l@ARioNBA Witer hRBnFRIAAAH inCABEHA] Potiy S -

di mensi onal storage medi um I;ZOITDI’I sing an act %/%1 ﬁ%glﬁsr#@g cgmlirigﬁ*gm
the medium to separate the non-linear optical response from other light signals; a
detector for detecting said non-linear optical response to retrieve information stored in
said volume portion; and a tracking unit for tracking a data sequence for retrieving

said data sequence in a reproducible manner.

In accordance with a third aspect of the invention, there is provided a method

for correcting tracking errors in an optical storage medium having prultiple tracks

- arranged in different layers of the optical storage medium, the method comprising; (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, (d) using the received signal to determine

a direction of a respective offset from the track in radial and axial directions, and (¢)

adjusting a location of the reading spot accordingly.

In accordance with a fourth aspect of the invention, there is provided an error
correction device for correcting tracking errors in an optical storage medium having

multiple tracks arranged in different layers of the optical S_torage medium that are read




capable of being in tw states, wherein a data unit is represented by the
rati o between the concentration of the first and second ﬁAﬁQ}s@Zé(}ﬁo st ates
in a given volume portion of said nmediumand a data sequence I s ‘
represented by a sequence of such data units; irradiating said active
mediumwi th light as to concentrate light flux through a volune portion of
said storage nedium so as to generate in said volune portion a detectable
non-linear optical response characteristic of said concentration ratio, the
non-linear optical response being re&ted to a x' process, where nis
greater than 2, allowing for spatially separating the non-linear optical

r espons SYMMARYOF THEHINVEN#EANs due to a propagation direction
characteristic of the non-linear optical response satisfying phase

mat chi ng condiBEmentimentstofahé igveatobs phoidd h ie@ho®Bhd eMterh P ERGEViAP retrieve
information stored in sajd volupe portion; and tracking a data sequence
for retrf ﬂ@%&?@%&{e&%@m@émrﬁg&m@m@duci ble nmanner. In accordance
with a second aspect of the invention, there is provided an apparatus for
retrieving i nfforbadiments fafoleainventivn sheketostamnat tsckinggerrorednumchthe 25

CUSUE 0R y ehe SEARET B SR A Pl bl °

conpri Sid@ctighsposi ti on nodul ator for nodul ating a position of the reading
spot, an error unit for receiving a data signal having an anplitude which

vari es accor didodopddiRe R4 Kfke lfetC41ht LRAOE hérBHplodidedd Abmgnd  axial

directions, and is responsive to the data signa termne a direction
of a rdepeitigwing dhfosmatidn drom hethreea diménsionall sekagenohediung| thei methodd ons,
which of fset.s. may be fed to the optical head to correct radial and axi al
posi ti of"&PI'IP& of the reading spot. Wthin the context of the description
and appended clains, the term"data unit" refers to a bit or synbol of a
finite al phabd¥ing s Hyes simensiqmnit sipsage mediven cempssing 4k agfiveymgdiyny r acki ng

f eedbacl, Siangt b i i Lioni : L.i.qht, - ' nme
portion % t he st% %183% rrsré%eét] nvfh% K“tlc{l;grdgfaﬂ%%tlgggﬁe%%‘%g}bﬁ%%ﬁgﬂ e;éﬁgeéhi nventi on,
t here i shepeomeerndetioa ofghdfickt fnd 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;

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, the
non-linear optical response being related to a ™ process, where # is greater than 2,
allowing for spatially separating the non-linear optical response from other light
signals due to a propagation direction characteristic of the non-linear optical response

satisfying phase matching conditions;

detecting said non-linear optical response to retrieve information stored in

said volume portion; and

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

manner,

In accordance with a second aspect of the invention, there is provided an

apparatus for retrieving information from a three dimensional storage medium, the




correcting tracking errors in an optical storage nmedium having nmultiple
tracks arranged in different |ayers of the optical storagg g%%%g t he
tracki ng conprising: 25 August 2006 WO 03/077240 PCT/ 11 A /6 -5- (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 radial directions, (c) receiving a signal having an anplitude which
varies according to 5 respective off,sets fromthe track in radial and
axial directions, (d) using the received signal to determne a direction of

a respective offset,. fromithe track in. radial and axial directions, and (e)
2 st iy faedied Raging EOO D wBiseL Bde & sy B gpise: 1088 Red um
known i nmédi@matie drior SeirbalintidvRle MaRriRmzOhs Pofifioh hddlRtor!Br Rio@SRRhg _
invention. Some non-limting exanples to active nmedia are those described

in WO 01 positien afidhé readgssppbsargezer buit Honfeophvingha alata sigodripying edl  herei n

by referen stillbene derivatives, and azobenzene derivatives. The active
nedi um iaénpgﬁ‘%qee hb yvagﬁ%e%f:&gﬁﬁ?%toamgmfﬂw toiﬁﬁtsﬁq:?i  tgck in ‘iaﬁlé’f ﬁﬂ%e, as a
dopant  Qixial WiRRBLSRE afidl BH ESpoRGvdTRS fieXddts serdPky ABlerm@e AdirdGioRDsrosrer
co-polymerized with the supporting matrix. The supportive matrix shoul d be

t r ansparrespectivsy offspt franghe ragkaii radial and akial Biregtivns,nehich @fiétstrhay bé nvent i on
and to t j . e -|.i,near. optical. process. n- limting
exanpl esf'Q%FJ ﬂgg %gggﬁﬂgéﬂ%%ﬁ écgterfsag@u %;;aﬁil@ HDSIFloﬂsegogcocféﬁedﬁeﬁ@ntggp%e present

i nvention are.pol yet hyl ene,. .pol ypropyl ene, pol ycar bonat e, d 20,

pol ynet hyhnesglgli%inltﬁ? ‘éa/n(tﬁ\tﬂ% © 4%‘81@2%@9 aPH%“%éF%“P% ?Wpég'ai‘tﬁ.“&“bi nary
mode,  SQefchddo 4 bR of QREBE 1A fifikk alpRiteR FreRFATENhE At PGuedbdisirdcked : O and
the concentration ratio representing the other digit is 0:1. Here, 1 and O

are not vibgdraskingyteedmsk ignal dothpositsdrong dhd tight attaapmdeteedilﬁd-xtdhanhi ghest
and | owest .co(ﬁqtﬁnt rati onezl.t hat may be achieved during 25 the witing
pr ocess PO %StﬂEﬁgea‘? H¥esed herein.

According to an embodiment 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 comprising:




As an alternative to storing the data in binary node, ot her scherres may be
devi sed where the there are nore than two states of the @%]

conpletely in isonerics states Aor B, in the thernal equil r|um or close
toit, inone of a nultitude of photo stationary states and nore). The

si ze of WHBZ 2% habet used in 30 the encodi ng- decodi ng PETEESe 9 epends on

t he encodi ng- decodi ng net hod used 25 August 2006 -6 and on the signal
separation and the signal resolutida (signal to noise ratio) of the
system Many encodi ng-decodi ng net hods are known in the art, DC free and
run |engtifa) i dirke: { E‘{?ﬁ% s of such
famlies of jcodes %ﬁéﬂgilnggpgf?ﬂl?ﬂigr}g)gﬁgﬁ poréﬁe:d(rjar%1 ﬂfO[%tr I C t‘?a data unit
is retrieved aoptwadlsﬁmgpgeﬂmdwrbpdl ments of the invention is the size of the
l'i ght spot erein tﬁe flux is large enough to generate a detectable
non- | i near (Pka€pRiBRallyEy th9r33§143ﬂlspéfrm§1§@ﬂ ﬂﬁwﬁ%rrpensat e for

k i ti ef th ts di f
oast han’ 30m Pt edlpl EHIS 8 aoililen g uifts S cidontie 8 O cnal lor
than the wavel ﬁé@.ﬁééﬂw@foﬁaﬁ fﬂoiﬂ%@'tr%l@%ﬂaﬂﬁ'[‘ﬁnd éﬂﬁrcﬁifegﬁﬁﬁl e. Small spots

al l ow the use of cheaper |ight sources. However, It may be beneficial to
work at. hi dfl) i nsingsietrpceivedsigial enddtemiine aduectmn ofwasspettive offet | | near
response is de emﬁd at. lower intensities. This is so because above sone
intensity, due §§ﬁﬁlfﬁllﬁ@ﬁ1@¥q‘@%ﬁ @%@@Sr@@ponse is no |l onger sensitive
to the intensi , ndt salson ensitive thereto. This way
noi se nmay Eeg é u\', OPH)S%H géﬂ%tﬁfco %B’ctlon of the signal
requires it%@%g,@tlﬁéamﬁqﬁmtlh% hitg st in the
envi ronnent uch separation nmay bee acﬂ?%%?%%gﬁeeéggﬁgéoﬁﬁr%m for this

puripos eresent eveation. Sonie aen-dﬁnm&ng |exgnqalae tonrctiviencdiy gentdoat ed si gnal
into a _directign where i §6source for light of its frequency by

sati sf ﬁeﬁ@bsﬂa%évorﬂi{’kﬂm@néma}&i 3@% % ibotheet Which lses inegiporaiest ough a

o e B S RS B ap i BRI ooy o, et o™
avai | abl e m@%ﬁvmed%q&ekéﬁ%wam&ﬁeahﬁ PEPFBrtld’ AR rf9 the

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 polymeﬂlyhnetacfilate (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 if, 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




active mediumare collinear or not. Non-linear optical processes are very
~sensitive to the flux of light. As the flux varies as a ' f vol une
el ement when a beamof light is focused through matter, zfslﬁg’%%rta%biog
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 | ocus of naximl power, that is the
focal point. Wien using a single I|i gf‘ﬁ' source at a single wavelength, this
focal - ---- -------- 25 August 2006 -7 point is straightforwardly def| ned
as the | gehondhe \ﬁlﬁé‘ﬂbswtm&ﬂdmﬁﬁsﬁtgqabquhhtlﬁﬁl(ﬂgnwi@nﬂm%q fegiolef éhe han one
wavel eng e | h fect gh

| ocal i za%?%%llﬁl %&g@ %@é‘&l g%?gndgl oca% p0| n lglf ﬂ%I%F ]ﬁ(fojt%%e a@%ﬁ%ces

i nvol vedldngth Mienited! encatingPdcR6EIRE - arWlﬁﬂl Einftingr exdmpleciof afueh Nailgesact | y
over |l appi ng, the sane process occurs, albeit less efficiently, in the

vol unme g€ ated by the crossing of the effective volune el enents
generated by the foci of all light sources. To gain additional effective
ef ficiency in dhoneewdtied eolgmi pprtnmel’s@nrwlgtiea datalwnitds reteinvdsieacacidingy ed

t hrough the use o t han.one usi ng, t he t hods as

~ for the 51% F@Wﬂﬁsﬁéﬁ%l@%@m*ﬁ fﬁj& f@téﬂmp”?]f‘fﬁﬁm %HBHT‘II% fne to
~consi der egofhg loBndiSR R d@Sectabiié w@iméay re&ilo@@éiﬁrﬂﬂo%aln&%ﬁ@@sﬁe\é endyoci are

trivially located in the same |ocation. Therefore  w thin the context of

“the presé@mpmwi@nfowrdmeaiwd light intopsticie Thotefones wiking wehespetec baving amade t o

two or ELS cti t.o be nder od th a single
[ oht beBingl EFo S DEm 5 Nisae] Fisnors o 8 el GBn 5 B seAle

over | appiyag e wh¥lengdh ofMeerriMARE NopB@bideaBRME, and this is enconpassed by
reference in the clainms to the intersection of two or nore |ight beans.

One famly of gepyl t r | e rnding to
enbodi man%/s of g’?ﬁlel %ﬂgg}r@p thé e &%@ﬁ%@? S%ﬁp:lﬁgt%ﬁ& orltzei{sh% nl%le gsuch

as, but heteficlal o tveetkt at, hﬂgh/lagéﬁggogg fa: gwmeﬂxghneeurcuoavdm ifi 4 mog-lexanpl es of
non-1i ne?erspg ste ilsc getectgg Etolg%v?a? 111rt§11|816}£}e§dﬂtng 1sasoxbeca1Ise above some intensity, due

to saturation effects, the response is no longer sensitive to the intensity, and 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 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 boxcars, and/or gated averaging
method. All the available methods may be applied whether the beams irradiating the

active medium are collinear or not.

Non-linear optical processes are very sensitive to the flux of light. As the flux

‘ﬁfaries- 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 pomt The eifective result of this is that with the appropriate photon flux, the

process occurs only at the locus of maximal power, that is the focaI point. When using

a smgle hght source at a smg!e wavelength this foca]




process, are four wave m xi ng processes such as Stinul ated Raman
Scattering, Coherent Anti-Stokes Ranman Scattering (CARS) ﬁgg@pzb(ﬁduced
Kerr effect, and degenerate four-wave mxing. Simlar x(?53 processes and

- higher are also known in the art and nay be used according to the present
i nvention. According to another enbodi ment of the present invention, there
is provided an apparatus for retrieving information froma three

~di nensi onal storage medium by generating a non-linear optical response of
said storage nedium detecting said nop- |inear optical response and

anal yzing and processing it. Such an apparatus 25 August 2006 -8 includes,

in order to,.genet and, det.ect a_,ngn-l.i negr optical response, at |east one
i gnt somp R A QR BN, EE aSuR dtrao S Hennls b g FoBhaaht o

det ector for etecting |ight, vvhicr} is different. in at | east one

char act eri sti ¢ 45°gtHnEvEOTG Yar ong paveigreth she mestretficight wanin eddevethe  nj s

cont ext, seXargphees o il Wli£RRh 3S T bSLAGRIAY fhe ToREL hbihbr YR Shangt N

pol ari zation, and propagation direction. "And neans for tracking, i.e.
process thwcss gnalledr écdhy edletam npriobessmddhenmdifferget fari taraakit ngkacflgedback

signal and correct, the |ocation of the read_spot accordingly. The
appar at uSVFRAPPHIEs 16 JRRICTRCETB AFFIIS: )& eﬁﬁeﬁ(}ﬁ%‘@l Y 18 s volyme genested vz ng and

processi Bg HELRRLAE IO BERBANGHE LRYIAG LHRIIPLY AL FRECELN Ry These my

conprise hreans for digitizing the detecte I gnal, such as an

. ~conver t esqureesd Toagrim kdditivndi refectiver efficatetedt b @neveaekngthurbcas hégheor

det ect or _,code rynni on_.a onmputer .or on an electronic chip. A light
sour e albErdRg e s aE Hiraeh B ore phop; bae Ape LE@%%‘?HCGNSW&JE?J%&I% active
light SolfARdkLKBordhd ARRI-wallleftRassl ve |ight source like a mrror. A beam
splitter, for exanple, may be considered as two (passive) |ight sources.

y
Accor 000,10, SR IR uehd g BT LRIRS SR SFRSTRRRIRLS,

track of of héamy whpacichuetidatai apquRitBslocmbe it tHehameabiation] Thabaped as a
di sk, and rotated around its axis by the apparatus. Enbodi nents of the
i nvent i ofiHRER contextef the preserfdrvention aad o ennegdedoclaimseyhsre sefereaca sequence

in r | andiszxn&?é){odliv%a(greﬁomgl&rée@ﬁnéj hgﬁt beams, it is to be 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
embodiments of 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 x™2

process, are four wave mixing processes such as Stimulated Raman Scattering,
Coherent Anti-Stokes Raman Scattering (CARS), Raman induced Kerr effect, and
degenerate four-wave mixing. Similar ¥ processes and higher are also known in the

art and may be used according to the present invention.

According to another embodiment 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 non-

linear optical response and analyzing and processing it. Such an apparatus




‘rotates. It is assuned that the track suffers limted anmount of run-out
both inr (radial run-out) and z (axial run- out) coordi nat gs m
distortions can occur in the event that the axis of rotatlon I'S ightly
off the disk center and slightly non-parallel to the disk plane nornmal,
such that the data spiral noves relative to the reading spot while the

di sk rotates. Embodiments of the invengion enable tracking the data
spirals by calculating a tracking error signal that is used as feedback for

h r h h d ition. T Ki
or ' no pl otelE TR o, Ay R34 Seash i B ol bt ApBptRRS (1o

peri odi calightabliccay WhidH in §SinéOa¥eNBuck Us CARS)RRS: be 86hdrddtay eétedter fae 1 -2z
pl ane by two_orthogonal functions of tinme). This nodul ation causes a

modul at i ofeteBing biglss whidisis tiffeoay on7atlbance Liosioeists from the lghtl i t ude and

erative PRUIREM B s e RPRRGERRE S EeRE BB o diarl Bt A2 . 7

tracki ng gwrBght ﬁaveaerﬁgtmpmttmmoﬁxaﬁ@l@opztgahb@ dirytisheAhd aakindgfezl gori t hm
calculates an 5 error signal, consider 2-D case. Assune the z coordinate

Cis fixed BeKING Het Rregess |ﬂ@eéte§a‘§p@tcewgd ffmméb@ mpdiym dopgespe trageinght  and
there is ﬂ:gdl?%ka]lngﬁéin lfthcorrAét h_ge cafl oqgth%pﬁegdfépgga%%ér%sl&l 0 the track,

t he spot" position Ts m)du ed I'n f°so t hat
‘the spot ipatuhd nialrealid Rhide mbﬁmn@ls\vhty@rc&nmemeogﬂ heandligkg agad hal f the

time out relatlvetothetrac](}éj . r<ro half of the time and r>r0 io half
of the tlweyessme defecied) signalso f?‘rﬁ@t’mtghelf@m%l@ﬂ therediomy e Theset ma¥k cent er
“has to be_ t e ignal to
noi se rat1o at %aglsﬁ?’!;ﬁ ﬁlzsr%iﬁ]ﬁ gér&géltététaiféﬁlﬁiéta?%s&?ﬁg nvaeét s ol

det ect i onamelgsittetic amioz aletedtion @néaﬁs mﬁmpéﬁcﬁtt&ﬁhctdrfcddhauﬁm@adn has a fixed

average and the tracking is perfect than the average of the "in' signal

(signal We&rM@ﬁe&eﬁspnwhm n' relative to the is track) is equal to

the "out' signal. If the spot's position begins to diverge fromthe
track's p05| tri\éllghesfglrcetwe@ndm tofengpdanents of thg ppésentiaveitin, mahbe expansi on of
the spl rahveg hfome otltlt{er eason, then tpehtdl ffer gnce bet ween, the "in" and
“out" parCt *g ﬁgurce 1KE a aser or'a passive lig source 1 e a ImiIror beam

splitter, for 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.Embodiments of the invention track the spiral track
‘corresponding to a required data sequence in » and z coordinates when the disk
rotates. It is ass_tlmed 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 reading spot
while the disk rotates. Embodiments of the invention enable tracking the data
spirals by calculating a tracking error signal that is used as feedback for the servo-

_ mechanisms that control the r and z position.
The basic tracking principle is to perpetually move (modulate) the reading
spot in a periodical path around its nominal current position (traveh'ng the r-z plane

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




nmodul ated signal, out - in, is negative if there were a small “run-out' or
positive if there was "run-in'. 20 Two nain factors det?rsrbr‘%]?e {%ﬁ)
frequency of the nodulation. It should be high enough t 25 Po
respond to fast changes of the relative |ocation of the track and the
spot, bOYOP¥I7%hough to average enough data units so tRCEALGHAI%| gnal wil
be i ndependent of the stored data. The averagi ng of the data can be
acconpl i shed by wi ndow i ntegrati e®-or other appropriate |ow pass

techni ques. To 25 ensure that in each integration window the signal is

dat a-i ndel t B SRS ot her
enbodi g%‘%@@h%dﬁ%éﬁﬁgmﬁgﬁgﬁ%ﬁﬁ%r r orogﬁlgengﬁﬁg%nall)gﬁt lon is
acconpk sy réTutiviel 10l thié data(sphiaie Thisrdegetsdehcd tveused 1@ detarmidat iten of the data

envel ope (theé read signal) with the reading spot nodul ation function. In 30
this sétackmgetror.error signal is weighted by the strength of the nodul ation,
I.e. .25 Augyst 200 03/077240 PCT/{1U3/00199 -10 sj | measured when
the anplitu %$Wﬁge¥r\g§ﬁqﬂ3@i Qﬁﬂ‘?é"’aﬁ{it ﬁ%ﬁlﬂ{lgla&%hrﬁlﬁak%ﬁges The error

si gpal . i har ' 3 i o2 TN | y

conpen Pt SRR AR A b AR HER Kbt ItHeA Bl A

modul allseps spbhes £dcasddl atahe s haipht ik thepsish vedidar ursignas shef or the servo
machine 5 controlling the nom nal spot position. BRI EF DESCRI PTI ON OF THE
DRAW N@Sding spotipropagatesaleng thericack htbe ispatisradiehpesiidon i rsedulatedin t nay be
carried out,  in practice, specjfi.c dinents wi.ll, now be.described, by
way -of thoradial ﬁi’!fﬁ&ffﬂjl S0ateg eeSPBHSﬁalﬁB?ﬁﬂlee‘P OvReds he GepisT Qgﬂl?npanyi ng

drawi n i kG | ool LRRL SPRAV G £HR £a of solid

sol uti gﬁc) ﬁ@%ﬁ%lgﬁ{ém%&ggﬁf&earugﬁtﬁg%r%gﬁt Ir:l%u?i %\Iflﬂa{’l]g?l 0S el%\%ggnﬁ’ci s and trans
| SQFEr halffof thediMONTIGROWA bR GiotedRhal theloffiet felAiREeoRBCICcdidrhas toddel on of an
apparatus accordi'ng to the present invention; Fig. 3 is a block diagram
showi ngmiallie enomathay signaldadiildetected pathensigunl teipeise ratio that is high

enough for other functions such as symbol detection or synchronization to be

- accomplished. If the signal has a fixed average and the tracking is perfect, than

the average of the ‘in’ signal (signal detected when spot is “in’ relative 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, out - 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 Jow 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, ie.




15 with the invention; Figs. 4a and 4b are pictorial representations

showi ng the effect of sinu- soidally nodulating the POSi K50 ggxfstidﬂa% readi ng
head in the systemof Fig. 2; and Figs. 5 and 6 are bloc I-agranms show ng
~details _of a tracking systemfor wuse with the systemshown in Fig. 2. 20
DETAI LEWOB4ERPTI ON OF | NVENTI ON A sol i d sol ution of PEBGE3/00199

ci s-4,4' -di net hoxy-a, a-diciano stillbene (hereinafter conpound A) in PMVA
was irradiated with collinear |asHr—beans of 844 and 1037 mm that were
focused through a lens to a spot smaller than 10m CARS signal at a

vavel egphdl BlandtiWeAfe AEPERLEEE MENFoRRAI8Nih dohifithidide 15 det ect ed
froma soli'd solution of the cis Isoner and of @ cis-trans m xture i s given
i N Fi gthelerrbi Gigrdl.i Suftheri kéfitwireat i cfntief imentmpais atousncdliie delaypr ding to the
present invention for retrieving information froma three di mensi onal

st or ageompafisgiinrirloedhe multpisationtbetwearthe signslapd thomodeagen. - 11

Vol ume ( not THSFERRRE SR SAPAas deadbedk ABRpRde” tuto it Beh, ana” 108
reggg;;eg(?(}r{\%uy gstﬂglé\l ;naggé%c?;{)%ﬁﬁfiﬁzgf f g(r)hetrjgtnteclt : %gt a( éégmagg ééﬁerent l'i ght
116 which is of different wavelength to the 5 light provided by the |asers
ther of ARIEE PESERIPSIEN DEEHE DRIMANGST & onal ' or oduced by the. - beam of

coherent light 116, t.0 I nol a | £ . |.Cl) € e alock in
anplifier tlg Oid?rﬁgé%dﬁﬁ%&ﬂ&ﬁé @gﬁﬁ%ﬁﬁn’c&éeg ﬁgﬁg%@gq%@()ﬁay be

faithful : £.0 BREm Hs8Rb&L b Ay yheadimihput is fed to a
decodeirlll Ig.ﬁ(c:f Jg’r %ﬂoer%ﬁ%encliet ec%’fﬁgﬁﬂg%ﬁcﬁjr ection ?’ECCY,) unit 128g(const ituting
an al gexanigieoslyewit refetatemtthe jccompatyiag diawingsyit whithencoded in the data
sequence may be retrieved. In the enbodi nent sho in Fig. 2 there is also
a & sk nounkiged2isfaographbaringgCARS &srﬁtr@wésahépw%z, baVIRg AWt he di sk, when

rount egiffege% cgl?ceﬁggt%ner%tios between cis and frans 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 systeni shown in Fig. 2.

20 DETAILED DESCRIPTION OF INVENTION
A solid solution of 10% cis-4,4-dimethoxy-o,a-diciano stilbene
(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-frans mixture is given
in Fig. 1. 1
Fig. 2 is an illustration of an apparatus 100 according to the present

invention for refrieving information from a three dimensional storage medium




around its center by a notor 205. The two |ight sources 104 and 106 are 15
connected to two optical fibers-104" and 106' arranged t Sdéregttzotoge | i ght
signals 110 and 112 to a dichroic mrror, 220. The signa RS
transferred through the mrror and the signal 110 is reflected thereby.
Thus, tWOBPHRE nay irradiate the disk 102, in such BCHEAREPI9? hat the
beans common focus 222 is located within the information carrying vol une
of the disk 102. 20 The optical i+ 101 is nounted on an ann 210, which
may rotate around an armaxis 230. A lens 240, of the kind used in CD

pl ayergs, I i 4] « ;gem .G i cs ?hg’ff!gz‘?‘ﬁ"’ﬁ he di sk 102.
Its po@}efél]%af&?zéft%ﬁg&@?aﬁ egﬁ % n pﬁg?%%ﬁﬂfo%h?%@él S sur? c&(-:-f 102" is

cont r o4l{oReh) OYhd g;spam@mam&:maepiwd fagert QDA LAO N66, cath béiag aouRd0 around the
armaxis 230 and ‘the di sk 102 around the di sk nount 25 202. Its position in

t he diforct beam pé coleretit dight (1 10oandn &l Zitespectively), fand @ deadector B20 ©5ntrol | ed by a
tic coil 242, whigch is,.al d, t, | | i al t] f
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25 Augaishal20/86ted RO/ dhiE 43 4Re QEtEttidDaf A0 dPfcal si%aal_sﬁrgd@dedtby fhse magnetic

~coil 24Z. °The coherent light sources 110 and 1I2 in conbination with the
di chr obeanmof cahier@ dight his, feador 40isemtplifier 2% vdtichkccanobe a bogk inconstitute an

tical t 245. A col.l [ ' 250 i i ti |lect th
o ey ke ibTE S0 ebcknsid B BTG S50,
ositi e aser drivers
gr e nofo?@ﬁvgahﬁ}cﬂtro ab:}g]_)acr?ﬂ\r%ﬁéeﬂ?éf\gléosﬁe&% ﬁbfgg \%\%%%&{oﬁ%glde;ﬁl}% of the notion

of ¢ heqQpdtidndknd Nokredifth (EC@?“&M‘& ti9gagdonstdthennd ilpagkntiadims on the one
hand and the size of the spot and the distance between adjacent tracks and
| ayer sdasctdf)esoothbieinfonmatioméricoded nethd datappqusncemey beraitiesiedt he not i on

controlled by the rotation of the optical.unit 10 aro Lts axis is
essent i al | ylnotherppRadimentshopm %Drg& %o@qeh’é 93%& ﬁjaési‘q‘@@%% for
mounting thereon the disk 102, so that the disk, when mounted, may be rotated

around its center 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
pé,rallel 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 smalil radial
motions of the lens and thus the position of the common focus 222 within the disk
1102 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




To track, the systemis provided with a tracking servo system shown

general ly as 125, which feeds a correction signal to thez’ﬁ'@ﬂ.&%rstiﬁ)o oil 242
for nmoving the |l ens 240 under control of the tracking error signal to

nom nalg%oll"g. fzgsition t he beam spots at the center of the track so that the
tracki ng 6Pro**%ignal  is zero. Coarse motion of spot FEYEBPEYed by notion
of the optical unit as a whole. Fine notion is achieved by the notion of
the | ens using the magnetic coil=1242. Al though the tracking system 125
shown in Fig. 2 serves to track the data 20 sequence recorded on the

speci fisfppd] % tHO MAnef®e6lli P2d THeONSherdnt lght K6uBS 100 &4d 1Al the invention
enconpasses a novel tracking system which is well-suited for wuse in the
“appar atcosibir@ion edthr thb dithatio werror 220, tlef lenedlbartdathEmpagnetiataihddigh it is al so
suitable for use in other optical, data retrjeval sy,stems.g(hj kew se, it is

to be CABHEWeERAPtEwSten HokidePllsping mirane s posisiongetp solleche appar at us

100. 25 The j.nnrov I i t G ing tq § i ntipn is

descr i RO UG s Rt YA EIBE R hE b ot M0, bBUEBA" ' O e

dr awi nggar fHevReaxis 280, hebugRfa ARGETI. ThBtIARE AfivEeR hré M6E ShoMn In first be
described functionally wt reference to Fig. 3 a read/wite system 300
for a Fig2optical storage medium 102 having a tracking system To the
extent that h? read/w.ite system_300_i ncl udes f“g August 2006 WO 03/077240
PCT/ | | 03/ 00106 large satios hsbess: the rativs af heduetasrok e pacalgmat Hlus 100 shown

syt enfusBddB B £8Land FIR{AGS oSBTl EGBER BESBoLHE o %61 i ng

mot or 405 3fseincs %ﬁﬁééﬁ%&j%n@%bl&%n@‘l%ﬁ%n R ioki®: HddsAlow e hereon, and
an optical unit 101 for “reading inforrmation fromone of the tracks in the
optib c abpprogimeamnntadl thmidiRn cinérotipd by dhe rotationldfithe @pficalarst HHni conduct or

| asers 104 and 106 for_ radiating a pair of intersecting |ight beans having

a vol ugeouag ifs gxisris esentiplly rhogonabiae frack pifhe daiaisegnangl uded within the
optical uni To ]tgalck! %eagysgeorﬁ 'i§ aplrox"fi}iésé %vrﬂhzg'%acking servo system shown

generally as 125, which feeds a correction signal to the magnetic coil 242 for

moving the lens 240 under confrol 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 functionailly 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




10 for creating a focused spot whose |ocation is controlled by an actuator
306, which in the particular enbodi ment shown in Fig. ZﬂSSA%rétsidO%“t ed by
the magnetic coil 242. The optical unit 101 is driven by a rnbtor 307 so as
to pr odw:e 3%0hﬁ4r equired coarse and fine notion of spqot _descri bed above.
The systemf%Pher conprises a laser driving circuit 3683EPERer gi zi ng t he
15 sem conductor | asers 104, and 106 to emt the respective |aser beans. In
order to retrieve infornmation froda desired track on the opti cal storage
medi um 102, the optical focus 222 nust be kept on the desired track. To
this enrgmpohbgs St €8 domopsow dedappatdiua 100 abbwidn R Ve, Biysie@ih shown
generally as 125, which feeds a correction signal to the |ens actuator 306
for no\re%genchaum@ralszwﬁllb@em}ybmdn 245 under control of the tracking error

[ |t i nal | i ti b t t t f the t k
F1oral Lo R el by RO L an A bea SHOLs Bl N a1, L ack >0
0 ! plrdbcbRg BH] VoS U 0 SRR b o2l T ocus

conger nkgtebs, dod agloptidaitumiti] tiherading Inr@anén fvdlheldfeatradketim track 25 321
whi | e being subjected to 58at|aI nmodul ation that shifts its position
cont i ndbg¢ otical storngomecdiimid0df the track to the other. Although the data is

stored in tracks,.the .inyention relies qn th rincipl even if the
oot cal focubesicnl Suir DFmaRes SeinbbodloniasBl; BELREADEYor S T he'  eac,
al bei t _ak:. & Lt ensity. 1 ofd s opti cal
focus f%mﬁ@d?r@\%gddﬂ%l@%ﬂv%%@\%ﬁm%gﬁ ?ﬁg%}%"t@u‘&mo@%ﬁ@ h%g data signal.
25 Augysim®4 8ot WASS{ibd2d &ithiaTthé opBeA LR 01-id 4n dftitsl systenn242f er ence to
Fig. 4a, consider the case where the tracki n% is perfect and the reading
spotd | Sosgratintg a foelised spht whessdotation is ¢ratepdied by an ertuaie 306, twhickposi ti on bei ng
shown Qhy the sinusoigdal. curve 322._In this case, the average ,signal wll
be equah ﬂ%p%ﬁ\ﬂa%waggélam SOV Figy Hisconsiut mgnRG il case of 5

I mper f - 16 - .J ' | I.S:-apymetri cal
win  Pag,ShE SRR BT lch B, ot 30708 AP U RRE reolieBEY T 1

depi ct @gdal¥ aRd fine motion of spot described above.

The 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 continnous 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 fmhef
off-center the optical focus 222 is moved, the lower will be the magnitude of the

30  data signal. | ) R




dotted center-line 323, shown to right of the data track 321. The signal is
i nversely proportional, in perhaps a non-linear fashion, 259&4@'[3&269 tance of
the sinusoidal curve 322 fromthe data track 321. Thus, 1n g. wher e

the to sinusoidal curve 322 is offset to the right of the data track, this
resul t sSMAPL 28 wer  signal from sanpl es made when t he PSTRHSEPEAI curve 322
is to the right of the <center line 323, thus indicating the spot is offset
to the right of the data track 3214 -and nust therefore be shifted to the

left in order to correct the offset. The tracking operates on the principle

that by contlhawatith refResicdgo Fie 4alcansidd thedaserivhérbehs daekingaat i nual |y
nodul ating the position of the reading head, the resulting noving average

si gnal penfeetraid the réaaling spot isasmmesiripa wigherespest totie datagrack 320hitgh si de, both
axially and radially, .t r.eadi, head, .s. | ocated., This havin been
det er mméﬂonth?@%%aﬁﬁ@qﬁ%ﬁaU% Hb’g’ésocaﬁ?a theAvsRss S di r ect i on

unt i1t B (8GR SoltP <Ok BOSAY SUITHBLE 209! Fbwlcbalil ¥fo tod e rack in

bot h axi al directions.” FIgs. and 6 are di agr anms

showi ngmipefedti teavkingy agighiodd | Blg. albl tecidatiig pub iseagylfetiibidtwitls described in
pol ar coordinates (r, 6, z) defining a position of the beans' intersection
i n the regpecctd theedasa diank) 3gbditsactugh éne oé skinmgtry yheingrdeeitd\bysa subst anti al | y

identically for both radjal and .axial. .trackipg. | at or . 25 332

spat | aoyedaionts 1 showa coREht of e ok ik FoluitoBiehe) 5 o 5
nodul a-_1 ] i . and. f t kng: t L gnal to the
opti calm‘éétr%?%g)é&%?f‘he%mmlﬁe?ﬂ@?hg%r?%'ggﬂlég]{ ??E{(%ﬁmgio %a. fﬁ@tsag?é %lfih ed toget her
W th t RenRBRsH ceed3 R froph @& !dat0 tidtk S210THAS! BY Figladt Qrheddithe 333, whose
output is an error signal that is fed back to the optical unit 101 to
corwec sinukeidakewmie 322 isreffictlo the fight of thhaatadfackThis Beultsodal lawer 332 in
conjunction with the error detern nation unit 333 constitutes a 5 25 August
2006 WEnebiony sapplermade ydin ggmus%éalt?m???gweﬁor&era%!mé Gon unit. A

rotati Wenddf! iiﬁe §§f, tﬂﬁsofﬁhggtﬁlgath%%&f i9'6Pte: 16 Qﬁé‘ﬁ&t%ff thedata track 321

and must therefore be shifted to the left in order to correct the offset.
The tracking operates on the principle that by continually reading the data
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, € 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




Fig. 6 shows in sinplified formthe principal functionality of the error
determ nation unit 333 conprising a first 2-input multipli whose
first 5 input the (r, z) nodulation signal is fed and tgs%uééée@gg@ond
input is fed the data signal read by optical unit 101 at thﬁmposition (r,

B, z) i VAR Bt ical storage nedium 102. An out put of CTREMNR | plier 340
Is fed to a window integrator 341 which integrates the product of the data
signal with the nodul ation signatlso as to generate at its output a
conposite (r, z) error signal in the radial and axial 10 directions. As
descri Regkiabener dircdin Qhit & A oR witt 334 RbEdeCentifudisgbangeofand 4b  of the
drawi ngs, the nodul ation signal can be a sinusoidal function of the form
me(sin@w), cos(tvt))t. The output of the wi ndow integrator may then be
represented by: t IS err(t) =f ml (t)dt t-T The infensity I(t) is

i nversel y pFigpdr shosvsain simphifindfonn thenprinipdi actionalifeof theseti®ice from t he
center ,of the.track.,,IThus, when ead, 1. s,aboyv e _Ge of the track
t he nodePERIngon HF'&F?SO’E'[ W@S&&%#&Sﬁl Ipgf, Ut ﬁg?ﬁ@g"t"@d}é%ﬂmen the head
mves himodulati ahd & WRBH Bcd P i FeBmhyiggow of the 20

I nt ggrmFmgﬂéggn%g%thdnﬁ%ﬁﬁgﬁﬁap eg)#ﬁtensity I's averaged. "T" should not
be so 'sikﬁélgféa&*’tﬂi opfical WAACI(H Aedidtposiion @) & bpid €rcoptival stomegeand creat es
distortions; but ‘neither should it be too low since it is very difficult
"t o conatedium 162.nd loatput af thesmultiplien340/ist fedhto Moviadew intepratorctll at i on si gnal
can be any suitable cyc|ic ngtion ich_ 25 rves.to,nove the optical

f ocus m%ﬂte&%t © prepatct ‘Pt{f-ﬁ% #ta signalyit the IF‘%%’ﬁ on §gaLEQ PHW0s, of the
readi ng_spat. _.Thu It .C . q A qif I Qn:.er. . any.:.at her  sui tabl e
cycle ?HFE%%O%l t%uwgligsgét}nnﬁogﬁ?h@t %E@°¥@§§ﬁe#€§&o&a§ﬁ?e&nﬁo ul'ati on signal
25 (fugygtct@96 WO 03/077240 PCT/1U3/00199 -16

As described above by way of example with reference to Figs. 4a and 4b
of the drawings, the modulation signal can be a sinusoidal function of the form
m=(sin(ar), cos(@r))’. The output of the window integrator may then be

! represented by:

15

err(t) = ] m 1 (t)dt

The intensity J(#) 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. “T” 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 finction. It is assumed that the frequency of the modulation signal




is much |ower than the frequency at which data is read. The w ndow
integrator 341 thus operates as a |ow pass filter. The ty | erates
on the principle that by continually reading the data ar%é?ﬁgugﬁdeagsane,
conti nuaiple% modul ating the position of the reading head, the 5 resulting
movi ng SPPAGRE gnal intensity that is read may be ufEFTHEOINY cate to
whi ch side, both axially and radially, the reading head is |ocated. This
havi ng been determ ned, the optT tat focus may then be noved in an opposite
direction wuntil it is found to be disposed symmetrically relative to the
track ignmaeh low fibn tR deqrdtvhbt WhichdatdRSread OTAWindbwt iagat@cki ng net hod
has been described with particular regard to a tracking systemfor use
wi t h a33] buspiperaids astadowgesy fdfari eval system wherein data is stored at

voxels witten in the bulls of the material, i.t wll be un stood that the
princi pl es fgﬁem&@g@gwf'%ﬁnéb@%ﬁgltvt%pﬂopé’%% r?%ﬁéﬂ%@%%{?i nds of
optical_stqr IS | . |~ hd e dat a
cequentud SoBlantE ChRicBey FrqbBnk Ip8 pHE0R Y e RBRE AelOBle S5 rany
enbedi @Rty MYdink kgt QighilEinfnhbitstiat Whend desi linisad [@mdappatoat us accor di ng
to the present invention.” Some non-linmting exanples for variations from
this embhich sins bothraxdialljeand tedidllntheasading deadl ris docaiedy This haypigaced by any

ot her optical means. whi.ch is kno tq bring,to the s .result, the
opt | cabesn deleamingg, e Cpisal fagisoPap then s mouH! B ARPOSTR GITeHHRPe- ui de, ¢ he
conbi nat l.on -of | . ' repl by any ot her
nmeans #P{g&%@@‘fﬂoﬁ%‘: ?ﬁg&%gc |oﬁlcg¥191'trﬁle %gdﬁrn’?r%n léclﬁglb o’lﬁer]%tQ e plains

par al | ghq kAidllrediGts. s surface 102', etc. It should also be noted that

al t hough the preferred enbodinent is directed to retrieval of data, the
tracki ng syWhilst thectoacitinggmethod has beenaleséribediwitlepartictlgr reg@dsioiat abl e for use
when witing data to the optical K nedium 25 Aygust 2006, 17 CLAIMS: |. A
met hod tReking sYsiem fprepei Witlhs fndd PRIICal TioreEe retHe e SYRiSTR MOPEHEAR Sor age  medi um

the mststrgJ(r)edd Y re.ss\;vrriﬁén in the bulk of the material, it will be understood 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 apparétus 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.




using a three dinensional storage nedi um conprising an active nedium 5
capable of being in two states, wherein a data unit is rgggg;e&&gﬂ by the
.ratio between the concentration of the first and second™o ai gmo
states in a given volune portion of said nmediumand a data sequence is
represented by a sequence of such data units; irradiating said active
mediumwith light as to concentrate light flux 10 through 'a vol une
portion of said storage nmediumso as to generate in said volunme portion a
detect abl e non linear optical response E?aracteristic of said concentration
ratio, the non-linear optical response Dbeing related to a xtf process,
where nis greater than 2, allowng for spatially separating the

non- | i neaCropiNisal response fromother |ight signals due to a propagation
direction characteristic of the non- 15 linear optical response satisfying
phase matching conditions; detecting said non-linear optical response to
retrieve ilaf or dametizod farr wtriéving dafonmeidon fomp arthicendimensiobalostviasg a dat a
sequence for retrievi sai d_data sequence in a reproducible .manner. 20
2. The neFW%@”Qd@Bﬂﬁdﬁ??%PRﬁ%ﬁ&h 1, wherein the active nedi umincl udes

still bene deri ' | [ areof 3. The
met hod accor di ﬁ%h#\(? ?H a?@%@ﬁ%%&%&f ﬁtg a“\('??l vgié%%%%% tedled in a
suppors i ng r 6f<beidg i @0 BEites dvisaein & idag st 55 edd§ItBE Fatipe active
mediumis doped 25 1nto the sup. Porting matrix 5. The nethod according to

Cl ai m 3, herwees thet eancenirabontofithe irst and s¢oond, of saildyimwer stateg 3u Augiven 2006 18

6. The net hod accordéfng. toﬁ‘ggai mb, wherein the active, ., nmediumis a nononer
co- pol ym¥olumag PRoR gfisaidamsiym ande fala Spquence ssyppresrofed by 8 8eERF%g to any
one of C g Gﬂﬁ;’.‘ wherein the supportive matrix is transparent to the
| i ght irrdg*élﬁg&g on I't and to the i :

' imadiating said active medium with light as to concentrate light flux

10  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, the non-linear optical response being related fo a x® process, where # is
greater thap 2, allowing for spatially separating the non-Jinear optical response
from other light sigoals due to a propagation direction characteristic of the non-
15 -lipear optical response satisfying phase matching conditions;

detecting said non-linear optical response to rettieve information stored in
said volume portion; and

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

Janner.

20 2. The method according to Claim, 1, wherein the active medium includes
| stillbene detivatives, azobenzene derivatives, or mixtures thereof.

3. The method according to Claim 2, whercin the active medium is
embedded in a supporting matrix.

4. The method according to Claim 3, wherein the active medium is doped
25 into the supporting matrix.
5. The method according to Claim 3, wherein the supporting matrix-is a
‘polymer. ' ' ' '




ght generated by the 5 non-linear optical process. S. The nethod according

to any one of Clains 3 to 7, wherein the supportive natr)xX, CO | .Ses
pol yet hyl ene, pol ypropyl ene, pol ycarbonate, and/or pon-zh€?ﬁ§$ﬁ%P§crilate
(PMM he), and/or othertransparent polyneric material. 9. The nethod
according to any one of Clainms 1 to 8 wherein the irradiated 10 light is
focused to a spot having a radius of the order of 30 pmof said irradi ated
light or less. 10. The method according to arty one of Clains 1 to 9,
wherein the intensity of the irradiated light is high enough for the
generated signal to be independent thereon. 15 11. The nmethod according to
any one of Clainms | to 10, wherein the"nvn- linearly generated light is
separated fromother light signals that may exist in the environment by a

filter, pgl smTHDEhodREGHNS tANY Ot RYAINPPEI C ¥heif Moy wn in the
art. 12. The nethod according to any one of Cainms Ito 10,:'1 erein the non-

20 | i near mediymis Aaongmer ehpolymerizsd avititthesuppomting Imatrit. si gnal s that nay exi.st

in the environnent by satisfying phase matching conditions. 13. The net hod

di A ape ol ng Eonel Lo | d
"Toht 1o Tepar i afiodiectiieT® s or L Cpit 3" bty Werpportiey g 2"
envi r onmegitdRys RERpAreBEBIhd I h@aﬁﬁsdém?ﬂan@tdﬁw(@gé@w&er, a lock in

25 anplifier, a box-cars, gafted averagi ng netho y el’ectronic nethod

known 3 i nnomklinear eptieal ptegesst 2006 19 14. The nmethod according to any one of
Clains 1 to 13, wherein the large flux in the volune portion from which

I nformatign i t ' chi ev fQcusi {. or _nor.e col | inear
| i ght bea ahé&%@%%&@ﬁo%e%?ggmﬁ'ﬁgn%‘M&Hm‘?‘ﬁ&eto any one of
G ai ms 1 heritde ,mh-g B igal lén8! @t x Mﬁié;’ rghen from which
I nformation isc.retrie\?(;(\h di%é:!tlc ?»g\;iggfpt!sﬁe ﬁol&&b randR bbl?
methylmetacrilate (PMMThe), and/or other transparent polymeric material.
9.  The method according to any one of Claims 1 to 8, wherein the jmadiated

10 Jight is focused to a spot baving a radjus of the order of 30 pm of said imadiated
light or Jess.

10.  The method according to any one of Claims 1 to 9, wherein the intensity
of the imadiated light is bigh enough for the generated signal to be independent

thereon.

15 11. The mecthod according to any one of Claims 1 to 10, wherein the non-
- linearly generafed light is separated from other light signals that may exist jn the
environment by & filter, prism, monochromator or any other optical element
Jmown iz the art.
12.-  The method according to any one of Claims 1 to 10, wherein. the non-
20 lincarly generated light is separated other light signals that may exist in the
environment by satisfying phase matching conditions.

13, The method according to any ope of Claims 1 to 10, whersin the nop-

 linearly gencrated light is separated from other light signals that may exist in the

- environment by phase sepsitive detection, a low-noise amplifier, 2 lock-in

25 | amplifier, a box-cars, gated averaging wethods or any electronic method kuown
-~ intheart. o




intersecting two or nore focused |ight beans, each of which is
nonochromatic. 16. The nethod according to any one of

wherein the non I|inear optical process is a nulti photor%%f‘{m‘fﬁ%‘lstejs@gnce
process. 17, The nmethod according to Caim 16, wherein the non-linear
optical process 10 is a two-photon fluorescence process. 18. The net hod
according to-any one of Clains 1 to 15, wherein, the non- |inear process is
sel ected from Coherent Anti-Stokes Raman Scattering (CARS), Degenerate
Four - Wave M xing (DFWM) . Ranman | nduced Kerr Effect Spectro- scopy (R KES),
and/ or other four wave m xing processe?9 15 19. The nethod according to any
one of Clainms 1 to 18, wherein. the datfa sequence is tracked via a

tracki ng feedback signal for directing the Iight spot to a predeterm ned
vol une "4t t i oTheof méthods kesdtigmagi um 2 T Claim 19,
further including cﬂgrgrectl ng tracking erroéi??lﬁutaﬁg ggttﬁﬂcr:é%é age medi um

by: 20 @9 a!rgeeﬂuxng ther veltinegperiion froat vikdchn dnformbtion fio queReegnist 0 a track
in the ora:e medi um ( cont i nual | y m)w ng the readi ng spot hi
axi al aﬁ%&ﬁ_&‘gy FUSHEIE BSHQr IpES © ﬁ%@? Y&Nmngomomrrpl i tude
whi.ch varies .according to respective offsets fromthe track in radial and
axi al digecti - YR to,deter di rection
of a reg%ectll\ﬂ?ﬂ@é f ngqﬁ %ﬁ%‘ﬁﬂm% ?‘?éﬂ tﬂ%ﬁ]aggﬁ ons. and
25 AﬂJQUﬂﬁxZﬁGﬁe ‘\&ﬂuﬁLe) ortibn $fdoh Olich S6REmAfioR fis kil \Fé%ﬁ&' R by

accordi ng y. he rrethod according to Cl aim 20, whereln d|re ing the

readi n oS0 focesedrdight betras, sach vHwhichis monochagnastose vol ume of

i ntersection constitutes the reading spot. 22. The method according to
Claim or rein ving the readj ng. spot |ncludes nodul ating a
posi ti oh*of ﬁ‘é fﬁgﬁﬂgr‘?ﬁ"‘gﬁ% th wgneﬁ&%mﬁc . whergin i 068t hod
accor difieqt OpRtAi pRodds i il PhoddR ﬁfbfégo&éelﬁ}séés&“ 's

17.  The mefhod according to Ciaim 16, whercin the nop-linear optical process

- 10 is a two-photon fluorescence process,

18.  The method according to any ope of Claims 1 to 15, 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 19, The method according to any one of Claims 1 to 18, wherein the data
sequence is tracked via a tracking feedback signal for directing the Iight spot to a
- predetenmined volume portion of the storage mediu.

20.  ‘The method according to Claim 19, further inchuding comecting tracking
, errors in the optical storage medium by:
20 (@) directing a reading spot that is nominally focused on to a track in the
optical storage medjum,
(b) continuallymoving the reading spot in axial and radial directions,
(©) receiving z signal baving an amplitude which varies .according to
: respective offsets from the track in radial apd axjal directions,
25 (d) using the received signal to determine a direction of a respecnve offset
o from the t:ack in tadlal and nxxal directions. and |




substantially sinusoidal. 24. The nethod according to any one of Cains 20
to.23, wherein receiving a signal includes: i) reading azsdﬁﬁcgaus,?i al with
the reading spot, ii) multiplying the data signal by a cyclic nodulation
signal to form a nodul ated data signal, and iii) |low pass filtering the
modul at ed data signal. 25. The nmethod according to Caim 24, wherein | ow
pass filtering includes w ndow integrating the nodul ated data signal. 26.
The net hod according to any one of Cains 1 to 25, further including

anal yzi ng and processi ng detected signal szand retrieving information
therefrom 27. An apparatus for retrieving information froma three

di nensi onal - stor medi u t he appar.gt us conpri sing:. nmount for nounting
thereon a three diYensi W&%?&?ﬁ@gﬁéﬁﬂﬁ?‘ﬁ’&ggﬁﬂiiﬁ%ﬁ@n& “active medium
capabl e of bﬁ&l’lg in two states, wherein a data _unit is represented by the
rati o betweentt he Hhsgthod sevgringstoiHaim 2Pswhergip disesting theoteadiagdretno st at es
in a given vo ! .

represent ed b{?g%ﬁgge)gfj%ﬁ% gtileégﬂc %rg%'gy%@?gs %ﬁ@@Aﬁaﬁléfquggﬁ@rsé%o& | east
one source of costimtesnke teadinp spor. i rradi ating said active medium with |ight
as to concentrate light flux through a volune portion of said storage
~medi um so as 10 geTy mb®ol Acsatithg\el ClaEn RO RONwHedR Aot AR tRe RMidgl Near
optical ‘response characteristic of said concentration ratio, the

non- | i near opiPotBIcludeegwdnlstng aiprgjlipe bhthedeadingsnot priticeeyslic finotionn i s
greater than 2, allowng for spatially separating the non-Ilinear optical
response frondlet hérhe imgthodsagoalisg daeClatre. 22, prlopagathi orycti riendtiomnis
characteristic,of tlhe non-{diépear optical response satisfying phase

mat chi ng condiPraALlySinysp accomnmpdated in an optical path of |ight

comng fromtfe  The method according to any one of Claims 20 to 23 wherein receiving

a 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

- i1}  low pass filtering the modulated data signal.

25.  The method according to Claim 24, wherein low pass filtering includes

window integrating the modulated data signal.

26.  The method according to any one of Clatms 1 to 25, further including
analyzing and processing detected signals and retrieving information
therefrom.
27. An apparatus for retrieving information from a three dimensional
storage medium, the aj)paratus comprising;
~ a mount for mounting thereon a three dimensional storage medium
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 represented by a sequence of such data units;




medium to separate the non-linear optical response fromother |ight signals
a detector for detecting said non-linear optical responseb§ghégtﬁﬁﬁye
information stored in said volune portion; and a tracking uni or tracking
a data sequence for retrieving said data sequence in a reproducible
manner. 28. The apparatus according to Claim 27, wherein said non-I|inear
optical response is characterized by predeternm ned wavel engt h,

pol ari zation, or both of these characteristics. 29. The apparatus
according to Caim?27, wherein the at |east one source of coherent |ight

i ncludes_an active light source. 30. The appdtatus according to C ai m 29,
wherein the active light source is a laser. 31. The apparatus according to
Cl ai m 27, wherein tiheashong sewrce of eohwoent dight farirrediating said lagtiet mpdivinudes a

passi ve light_.s0 e. .32. Th rat us, accordi to an ne.of Clainms 27
to 31, furt hev}“?h ﬁ%@l a&d?ﬁ&“?ﬁ%@@&@ﬁﬁi C8F SrVOH-glg%g?%ong,salgﬁbr% ng and
processi ng deh@biifdo asitd)perlesatd ilsdi@ boluiel pietidh QeteBhbiehoh NREST didhl 25
August 2006 22 33. The apparatus according to any one Cains 27 to 32,

wherei n the Te3Pe8id rhamapictistic adsgid eepnbentrationciatiog théenadeliveas eqpienlce via a

tracking f I for dimecting the |ight t .edet er mi ned
vor ume. ort1 oudotss RO Bagdlo SR S A R dBoba S BB R L0 G e m
33, wherei n tspgtidliyaefiragng tetnon Ikt GRfcaPrdsp @K ifREn SiHeP HghiOiFRG den uni t

for correcting tracking errors, the error correction unit conprising: a
posi ti on nodu &t dropestiaip dirpetidnnghasagseriitic ofn thef nemdinearaeptivgl sgppbnsean err or
determ nati on,upi- r VI .data signal having an anplitude which
varies accorgfltng_lﬁj%fpgésseplg%ﬁné%%g cﬁtsng % fromthe track in radial and axial
directions, and i sa f@&pensini@olsted e Mabpical Ppaml of YgHetOhMgNGoR the

medium to separate the non-linear optical response from other light signals

a detector for detecting said non-linear optical response to retrieve
information stored in said volume portion; and
a tracking unit for tracking a data sequence for retrieving said data

sequence in a reproducible manner.

28.  The apparatus according to Claim 27, wherein said non-linear optical
response is characterized by predetermined wavelength, polarization, or both

of these characteristics,

29.  The apparatus according to Claim 27, wherein the at least one source of

coherent light includes an active light source.

30.  The apparatus according to Claim 29 wherein the active light source is

a laser.

31.  The apparatus according to Claim 27, wherein the at least one source

for coherent light includes a passive light source.

32. The apparatus according to any one of Claims 27 to 31, further
including an algorithmic error detector for analyzing and processing detected

signals and retrieving information therefrom.




direction of a respective offset fromthe track in radial and axi al
directions, which offsets nay be fed to the optical un|t [ 566t radi al
and axial position errors of the reading spot. 35. The eV|c accordlng to
Claim 34, wherein the reading spot is a volune of intersection of at |east
two |ight sources focused on the track. 36. The device according to Claim
34, wherein the position nodulator is adapted to nodulate a position of
the reading spot with a cyclic function. 37. The device according to Caim
36, wherein the cyclic function is substapjially sinusoidal. 38. The
device according to any one of Clains 34 to 37, wherein the error

determ nati on unit C i da si gnal
by a cyclic 3gul atT: gnép%gﬁ%guﬁa% Mé%%ﬂ a n% Fg‘tﬁg% zga'%éa §|vgv %Ie g%d a |l ow
pass filter farackiny upitss addptédefol ngclting it alqachddaina &h feedBacRUgUSt

2006 23 39. The device according to Caim38, wherein the | ow pass filter
is a wndow istEnahifer drecting thenlightt fed te GrPfé‘iﬁt‘?fééT@qdnbolﬂmadﬂl@ﬁﬁgl H6rs in an

optical stora aving nmultiple tracks arranged in different |ayers
of the opti ca%?or?%érjgg@umhrredl um the nmethod conprising: (a) directing a

readi ng spot t nom n f ocuse track i h tical
“storage nedi ur% (b) Eo?ﬁ | Fﬂ%%ﬁ %90 g’ '([%ﬁ g’gdlvﬂber%lﬁoﬁhe % ‘ggﬁglungnd r adi al
directions, (Ghcli@&ei Waﬂﬁn? ebtod RkreBPOH Bt A0r @aﬂ@édtﬁqgct@acﬁmgcar&@rﬂﬁs
according to respective offsets fromthe track in radial and axi al

directions, (dronsemertichaniteoniprisitgsi gnal to deternine a direction of a
respective offset fromthe t

d
adj usting a | ocati 8&° 8?10?%0(1}1@2% ﬂbn’é’s’gﬂhﬁ%ﬁgﬁ 1%{)@1116 reﬂdln(gslpg and (e)

an error determination unit for receiving a data signal having an
amplitude which varies according to respective offsets from the track in radial
and axial directions, and is responsive to the data signal to determine a
direction of a respective offset from the track in radial and axial directions,
which offsets may be fed to the optical unit to correct radial and axial position

errors of the reading spot.

35.  The device according to Claim 34, wherein the reading spot is a

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

36.  The device according to Claim 34, wherein the position modulator is

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

37.  The device according to Claim 36, wherein the cyclic function is

substantially sinusoidal.

38.  The device according to any one of Claims 34 to 37, wherein the error
| determination unit includes:
a multiplier for multiplying the data signal by a cyclic modulation
signal to form a modulated data signal, and

a low pass filter for low pass filtering the modulated data signal.




41. The nethod according to Claim40, wherein step (a) includes directing
at least two |ight sources whose volunme of intersection ngt | t he
reading spot. 42. The nmethod according to Caim40 or 4?%§@step (b)
i ncludes nodulating a position of the reading spot with a cyclic function.
43. The nethod according to Caim42, wherein the cyclic function is
substantially sinusoidal. 44. The nethod according to any one of Cains 40
to 43, wherein step (c) includes: i) reading a data signal with the
reading spot, ii) nultiplying the data 88gnal by a cyclic nodul ation signal
to forma nodul ated data signal, and iii) |ow pass filtering the nodul ated
dat a signal. 2% Auglist d&GEH acc4didh.to TieinmBEhediemr drediowgphss fltai imad4,
wherein step (iii) i.ncludes window integrating the nodul ated data signal.
46. An error CHBIMEEINSAMAIyi ce for correcting tracking errors in an optical
~storage nedium having nultiple tracks arranged in different |ayers of the
optical storagt-nedfunstherhforgoaepingitrasking ergerg e an opted! wipragsomeditPect ed by

an opt ' cal hel?aq'irfgo nﬁ‘llt‘i 19%6 £' ahgﬁ%c%o ﬁﬂ %%ergﬁ O{aggrg e ﬂieuﬁ%%&ar%{o?%eor
correction devicé& conprising: a position nodu or for ul at’l a
position, of thedin@athengetbedéompisigg:r or unit for receiving a data signal
havi ng an anplitude which varies according to respective offsets fromthe
track in radial ant axiiectingigisadipgspot thatds peminalp deisedor & ¢ frackyl: a si gnal

to determine a directi - iye offset fromthe track in radial
and- axi al directions, %iogfﬁcgfs%%g@sa&gém%’be fed to the optical, head to

correct radial andbyxi abntipsily i eovigr ahié @bhdinghepdteadi agaspold. rddial The
devi ce according to Cl ajm46, wherein the reading spot is a
directions,
{c) receiving a signal having an amplitude which varies according to
respective offsets from the track in radial and axial directions,
 (d) using the received signal to determine a direction of a respective

offset from the track in radial and axial directions, and

(e) adjusting a location of the reading spot accordingly

41.  The method according to Claim 40, wherein step (a) includes directing
at least two light sources whose volume of intersection constitutes the reading

spot.

42.  The method according to Claim 40 or 41, wherein step {b) includes

modulating a position of the reading spot with a cyclic function.

43.  The method according to Claim 42, wherein the cyclic function is

substantially sinusoidal.

44.  The method according to any one of Claims 40 to 43, wherein step (c)

includes:
1) 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.




volunme of intersection of at |least two |ight sources focused on the track.
48. The devi ce according to Cairm46 ct 47, wherein the Si.td dul at or
nodul ates a position of the reading spot with acyclic fu%@f%%%@ﬂﬁggnThe
device according to Cl aim48, wherein the cyclic function is substantially
si nusoidal. 50. The device according to any one of Clainms 46 to 49, wherein
the error wunit includes: a multiplier for multiplying the data signal, by
a cyclic nodulation signal to forma #bdul ated data, signal, and a | ow
pass filter for |low pass filtering the nodul ated data signal. 51. The

devi ce accordisng The @letlhcd ddordivipetoallnin B, Whsteipatd (iii) ineludéswmdow ndow

I ntegrator. . . .
integrating the modulated data signal.

46.  An error correction device for correcting tracking errors in an optical
storage medium having multiple tracks arranged in different layers of the
optical storage medium that are read by a focused reading spot directed by an
optical head to a track in the optical storage medium, the error correction

device comprising:
a position modulator for modulating a position, of the reading spot,

an error unit for receiving a data signal having an amplitude which
varies according to respective offsets from the track in radial and axial
directions, and is responsive to the data signal to defermine a direction of a
respectivé offset from the track in radial and axial directions, which offsets
‘may be fed to the optical, head to correct radial and axial position errors of

the reading spot.

47. The device according to Claim 46, wherein the reading spot is a
volume of

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

48. The device according to Claim 46 ct 47, wherein the position
modulator

modulates a position of the reading spot with acyclic function.

49,  The device according to Claim 48, wherein the cyclic function is

substantially sinusoidal.

50. The device according to any one of Claims 46 to 49, wherein the error

umt includes:

a multiplier for multiplying the data signal, by a cyclic modulation

signal to form a modulated data, signal, and
a low pass filter for low pass filtering the modulated data signal.

51.  The device according to Claim 50, wherein the low pass filter is a

window integrator.




