Device for recording, erasing and reading data on a nmultilayer optical disc
5 Field of the Invention The invention relates to three-di nensional (3D)
optical nenory devices and, nore specifically, to devices used for
recordi ng, 10erasing and reading data on a nultilayer optical recording
medi um The device as clained in the imfention may be used in all areas of
conputing that require recording large files of information on conpact
carriers. It is also may be used for recording and readi ng video data, for
exanple, in |ndependent 1SV|deo observatlon systens Background of the

| nvention Anpong the flan h&ta sadfiagi dgtahe 20desi gner
of effective systems using lasep.hadiationfor.Jecprd ng information on 3D
medi a, particularly on mul tF?ayer—oplgiaﬁ—JQSts——rs—g%e one of positioning
the | aser beamin the recording area inside the 3D nmedium so that a change
in tge optical properties of the recording nediumas a result of 25storage
of information is spatially localized to the maxi num By a change in the
opti cal propsard icgs the thirsntase may be nmeant a change in the refraction

i ndex, absorption index, scattering coefficient or other optical, e.g.
fluorescent, properties of the nmedium The space occupied by recording one
30bit of data i(Ricxelibnmust abes M it zed dihs siBereastng dhe dat adheegr di ng
density and volune for storage of data on one nmedium The m ninmum | ateral

di mensi on HFViE S5 ver i Borpnfrect toal Wal te 6FVapsat Uhal fTehe svavréledgt h of

thelbecorcgﬂgklng and reading data on a multilayer optical recording

medium. The device as claimed in the invention may be used in
all areas of computing that require recording large files of
information on compact carriers. It is also may be used for
recording and reading video data, for example, in independent

15 video observation systems.

Background of the Invention

Among the most important technical problems facing the

20 designer of effective systems using laser radiation for
recording information on 3D media, particularly on multilayer
optical discs, is the one of positioning the laser beam in the
recording area inside the 3D medium so that a change in the
optical properties of the recording medium as a result of

25 storage of information is spatially localized to the maximum.
By a change in the optical properties in this case may be
meant a change in the refraction index, absorption index,
scattering coefficient or other optical, e.g. fluorescent,
properties of the medium. The space occupied by recording one

30 bit of data (pixel) must be minimized thus increasing the data
recording density and volume for storage of data on one
medium. The minimum lateral dimension of a pixel is limited to

a value of about half the wavelength of the recording



-2 radiation. This directly follows fromthe diffraction theory and so is a
fundanental physical limtation. By recording data with use of short-wave
optical radiation and short-focus optical systens with |arge nuneri cal
apertures and corrected 5spherical aberration which focus this radiation
within the recording nmedi um one can obt&n a high volune density of the
recorded information. Known in the art is a 3D device for recording and

reading 10 J0f0nmaLT 0B CRavela 1  cNAKARD Mo LBE &1 £ J £8; difiRRsi onal
optical data storage using three-dinmensional optics. - Optical Engineering,
vol . 40 (10)d gv 12247£f2284henThk pwaparcadeddritbesivar i busr{onetiphotdetaand

t wo- phot on). i d LO versi.o f 2V C o] or ding, erasing
and readiHgigﬁgg%négiSﬁggES@%%%dﬁ%kl%ﬁe%gpﬁﬁg?éPeg%% %3%%gc§%h%?croscopy.
Thi s devi cetriesdr dysicrfer wath ohabye frocusiing 1t beeradras | @md usimg dtleel

recordi ng vel.ength . within th terial d changi t he, refraction index
of S8 d MEUAITA By BXPGEIAG | 1 1A (1S Fadi At BAC ThECP dEor Al W5t a i s then
read out hyedegiisienenguRObhe t£9icdtsiw thhtbe ebangeddsefractdforthiendex by
t he val ue of phase distortion of the reading light beamw th a wavel ength
ot her tharf $45t°<6F ‘LHETFBELP Wi ng radi ation. The authors of the above paper
poi nt out the disadvantages of the proposed neans and devi ces. The

cross-tal k between the | ayers is great where 25one-photon nedia are used,
whi | e t he ¥ TOofL 0 WoEpR6E 0RS N dila FBGUHS €9 Ta TREPED PRt Tl TSt "shor t er

recepdi ng {,assmhRubse, xMhheh wekes. the, M.Ni akurszati on-0f-4he.daselsour ce
i npossi bl e. Besi des, since the nethod of neasurenment of phase disturbances
i s highly sEnsiali getat Recdata wedot divigeaeqoenesoBoneddial wi + m vaartyi chilgh
optical haospgenel iy, Of (gt eghal; @nd optiLal ,s4nface, qualidy gescribes
various (one-photon and two-photon) media and various versions
of a device for recording, erasing and reading information,

15 based on the principle of confocal microscopy. This device
records information by focusing the radiation using the
recording wavelength within the material and changing the
refraction index of said material by exposing it to the
radiation. The recorded data is then read out by registering

20 the regions with the changed refraction index by the value of
phase distortion of the reading light beam with a wavelength
other than that of the recording radiation. The authors of the
above paper point out the disadvantages of the proposed means
and devices. The cross-talk between the layers is great where

25 one-photon media are used, while the use of two-photon media
requires a more powerful and shorter recording laser pulse,
which makes the miniaturization of the laser source
impossible. Besides, since the method of measurement of phase
disturbances is highly sensitive, the data recording requires

30 media with very high optical homogeneity of material and

optical surface quality.



-3 Also known in the art is a device for recording, erasing and reading the
data within a photochromc material, typically spirbenzopyran, maintained
ina 3D matrix, typically of polynmer (US Patent No. 5268862.

Thr ee- di nensi onal optical 5nmenory, publ. Dec. 07, 1993). The device

conpri ses |laser radiation sources and systenms for optical positioning and
focusing of the | aser beans. The material used for recording has tw stable

forms, spigQpynap,and,merocyani ne., uange %gg@ee%iﬁ&, fd st Jprmqo the

other is perfornmed through a two- 10photon absorption occurring on the
wavel engt hresfdiB@R2 thm dFhe wetlidi sngrhmadiamoing ci nbbat hat edt i aadd ¥f ocused

| aser beans. .w,th t ecl fi vel.engt h i nmu r pendi cul ar
direction259#ﬁ?%ﬁﬁoggﬁéﬁhe%L%ﬁgaﬁggffgiqbggﬁ?F%%?ﬁg %?S%%%lgféggof

i nt er act i g lometrwd Usa®ekebeans. | 52 @ BD .sgacecrsimechs eved] dBwhidle t he
convgrsion of the fkrst forn¢9f %Qfmph ochrom c nmateri al ifto t he ot her
onl y occur®\iere PPRa - BEar Y éyi ons’lof (e BEAfE TRI%RT 58t . 1% ot her form
of the photathrtdrine saakeesabne@xdybidns flororesecentepvheni @xpasethd o
irradiation with light on_a mavelﬁggth of 1,064 nm As the materjal is

20i r r adi at EFUSong €antrEad*the T5AT6T netiCoMehY T ugi ngSEhet Sai FFIGdrEscence.
The i nformald afvd eeabdedropnd, 3&) ImRiSFal a@@nmb@o@%@ﬁﬁ@e byctheafd-nget-he
medium total or local, say, by irradiating it with |ight havin%1a

wavel engt iF6F ZDE2 TIPS TRl Ai Sadvahtdges of PRIFSCEBIT ce et e hostiwp -

anah ggous g&tt&O%%sgﬁ:p%%Heo@@@rpfﬁ%crdrpec@lleal;z@v;@ieh@@%nyﬁhaszaﬁ il 1ocess of
conversion of the recording material fromone formto the other is a

t wo- phot orr v diing nedpeBessar Yl wolnised &di &Pohosvardebatdatogedssess a

super - hi gh,; apaci.t . .posi ti oni ' ,
intersectpgﬁggﬁh%hgg%gggﬁeggg?%ﬁggb1§{d£1g%%rgﬁ%g%%%?e%éégégﬁéqﬂ%%$ t he
vol ume of dihreeatdtersi.allnl £hi s snatee ddgreesreft idecpreast hgnime ofoltie agka

recordi ng one i&a%Eiigfo%nFtéo? by the given _deyice to ﬂgtgﬁnﬁg%dgens of
mi cromet ers, whilé potenfially the 1ight  beam can be focused

15 while the conversion of the first form of the photochromic
material into the other only occurs where the focal regions of
the beams intersect. The other form of the photochromic
material exhibits fluorescence when exposed to irradiation
with light on a wavelength of 1,064 nm. As the material is

20 irradiated, one can read the information by using the said
fluorescence. The information recorded on a 3D material can be
erased by heating the medium, total or local, say, by
irradiating it with light having a wavelength of 2,12 um. The
disadvantages of this device are mostly analogous to those of

25 the one described above. Inasmuch as the process of conversion
of the recording material from one form to the other is a two-
photon one, it is necessary to use radiation sources that
possess a super-high peak capacity. The need for positioning
the point of intersection of the focal regions of two

30 orthogonal beams within the volume of the material limits the
degree of decreasing the volume of recording one bit of
information by the given device to units and tens of

micrometers, while potentially the light beam can be focused



-4- onto an area with a lateral dinension of a split mcron. Mreover, the
degree of optical honogeneity of the nmediumand quality of the surfaces
l[imting the volume with the photochrom ¢ nmaterial nust be very high. Were
pol ymers are 5used as a binding matrix, obtaining the required optical

qual ity under the conditions of serial groduction of 3D photochronic
materials is quite problematic. Also known in the art is device for

recordi ng/ i_ng i 10i ti til rec ng medi um
(U5 Pat ont 345067 Cept Al py cktp un T Pao tar i 6. 2008y compri si ng

a source dforeadicati ¢he aebeaﬁ1gblwntxaal aocgonenel Fgdo§ pties itcal ivabeidat i on
corrector : y i : i n (phot o
receiver)(ﬁggfbgiﬁg %ﬁ%oﬁgfﬁﬁgﬁffﬁﬂ?ﬁ%ﬁgﬁ%g%tygEE%éﬂgl§$gé?%e beam
splitter, pﬂdtquhn@mgedmhneBEalemuévlUduyahyreaghonWDérerpnlymnns Bhe gi ven
devige recorgg and % nfO{natlo ALy, r.adi %ion on.oqg vg%gggth. The
oper ati ng "o he a%%|%% ary st éf@&gbg chahgihg™t e po of the
radi ati on @udmmiyamnﬁhe radi athon: 20reedr dierg arediruaucihen raf rsrdi sadvant age
of this device resides in an jnevitable dan%er of .l osing the recorded

i nf or mat i G YHTRGr-Eali2bGE 1279 i tTYdte BT A™Ehé prior art device, it is
suggested to decrease the radi ation source power during information
read-out down to the m ni mum perm ssi bl e val ues at 25whi ch the useful

si gnal onlAL s KGRIy 1exEBBAITE hes it 6ied é@élreTﬁédb?%b¥%@ﬁ%ﬁgIQRﬁ%ﬁjl

| nf @pmati ofh Qg oht 8nl g2y Ouf 14 fe PArddGuliag! yeacuhe mhesgdmierials wth
one- phot on nechani sns of interaction of light with substance are used as

the 3D 30retiortding Omedral Phckealundghttulluxésreeqlf red0§or readi ng
i nformation, pysing | § %BQEQQS Fntde Qﬁfc%lbgﬁﬂsé Ylf%?ﬁhga”Ed'U”‘the

information I's eraéé 10 r'eading cycles. To solVe the given
probl em song radtledr sppropose alwer mestivod cofrrector and an objective

lens as well as an optical sensor (photo receiver) optically

15 coupled with the objective lens via the beam splitter, all
arranged 1n series 1in the direction of the beam. The given
device records and reads information by radiation on one
wavelength. The operating modes of the device are selected by
changing the power of the radiation aimed at the radiation

20 recording medium. The main disadvantage of this device resides
in an inevitable danger of losing the recorded information
during read-out. To mitigate it in the prior art device, it 1is
suggested to decrease the radiation source power during
information read-out down to the minimum permissible values at

25 which the useful signal only slightly exceeds the noise level.

The problem of losing information during its read-out is
particularly acute where materials with one-photon mechanisms
of interaction of light with substance are used as the 3D

30 recording media. In real light fluxes required for reading
information using the changes in the optical density of the
medium the information is erased within 5-10 reading cycles.

To solve the given problem, some authors propose the method of



-5 reading information by using radiation on a wavel ength | ocated at the
optical -absorpti on edge of the photochromc material (see Satoshi Kawat a,
Yoshi nasa Kawat a. Three-di mensi onal optical data storage using photochromc
materials. Chem Rev. 52000, 100, 1777 - 1788). In this nmethod, the vol une
of a pixel increases in real practice ten- or even hundred-fold. Besides,
wher e one-photon nedia are used practically all authors also point out a

slight cross;d:alk ﬁ%\eﬁgeiw%%wﬂ@ %J&ﬂtegnt b 56&%9%4&1‘ rqmti.gn. 10

;
Consi dering the above, the nost justified option to choose 1n this case
seens to b tthe oméicavobkbnget eworadigry/cdr &Senghphd oh neiti omalsinig lt he

t hreshol d - tan. ja. Ln i.ch inf iLon. ecor ded. erased only
when a cer{%gl)en to(k%gégﬁ%i’%t%ht%ésﬂ yasgﬂf ?ﬁq%tﬁfa'hg}sé%éeﬁn?éejna%hoegﬂ However,
such nedi agtEquilr elaver ythighe radlirag io tpawepnfior meeadi ags anther.afieng

i nformation, while th i cal i.ment of t i
i i 8t ur i 708 Hovi-Bes 114§ ApbLer bt o SO oMERE ! BUpOTR B! B AeErer

enbodi nentindhessishphestasystemfer teadiorgkeeashugdirad-ofdmmd i grdine3D medi a
is represented by a device co]p%)ri Si 3% two sources_of radiation w.th

di fferent RS ERGERSOTEPLLEAT T 2 Coupied SRCh 16/ ¥ ot tsi HY &3/t émhavi ng
the means domtwcontr al kiingnt herposiddion 25ekehhentocusi Ag egh@mgiithhi n the
3D nedium a spherical aberration correction unit as well as a receiver of
optical radistidss emtPEBatbY™t he 3D nedi um during read-out of the

i nfepmation recorded on it (US Patent 7436750. Optical storage with

ul trahi gh storage capacity, publ. GCct. 14, 2008). In this 30device, while
i nf or mat i giPtissiqegdordéle abeadi athiomdsdyiing twaveleagt oAl £ ssHassgséd ont o

the recor diy iU posi st 5o grRaying .l s40f ]%f%'% ent and
phot ochr o(rjnd c%rrargg%%rei g:eg Qv&gnhg%o%secgle{ ongg)i :ylr gd?é?{)ocril, %}hée p ot%z)chr om ¢
-6- mat erijalfdmathensekesyethe¢ edoraliing d ayerpbhangesedis optilcalh properties
and devel ops: & c%laci ty, when e(irs)é)r%scﬁd to a radei a%grrll haveip@aimr@vel ength N2,

nNformatiion 1 cqanrde erased onl: C
to fluoresce on wavel éng h-A3" e informatton s bei ng read out, the

radiiati on ttanvdaigld intensity of light has been reached. However, such
media require very high radiation power for reading and
erasing information, while the practical embodiment of such

power at present in miniaturized devices is impossible.

20 From the viewpoint of practical embodiment, the simplest
system for reading/erasing information in 3D media is
represented by a device comprising two sources of radiation
with different wavelengths, optically coupled with one
focusing system having the means for controlling the position

25 of the focusing region within the 3D medium, a spherical
aberration correction unit as well as a receiver of optical
radiation emitted by the 3D medium during read-out of the
information recorded on it (US Patent 7436750. Optical storage
with ultrahigh storage capacity, publ. Oct. 14, 2008). In this

30 device, while information is recorded, a radiation having
wavelength Al is focused onto the recording medium consisting
of alternating layers of transparent and photochromic

materials. When exposed to said radiation, the photochromic



5wavel ength A2 is focused onto the recording nedium The fluorescent |ight
emtted by the photochromc material on wavel ength A3 within the limts of
the pi xels previously exposed to the light with wavel ength Al and
containing bits of information is registered by an optical sensor (photo
10receiver). This systemillustrates, ntre than any other, the technical
essence of the clained device and so is accepted by the authors as the

prototype., .khe 18 Qnd'tggdgéﬁ%@@@d Onfeé&%ll?irg(’tl%wecﬁ&ﬁégseslﬂé‘ de dagw

15density o the recor ormation, which is due to the cross-tal k
bet ween trﬁidnﬁnﬂﬂ§SoﬁnﬂhéephtmmﬁﬂﬁwnﬁpﬁQﬁﬁwerwabn éh90@$®s@at%lk occurs as a

resul t of the gya# %gﬁnghﬁgvéﬂgqﬂg?tbpntbelﬁgngS? Qtﬁhé%#%mggglx!ng

signal | ayer of romec eri‘al  the radiation wt ength Al
passes Zouﬁadﬂghlmﬁerhaghen p@Sbénnmedfmh@mmchtbﬂlcadagtﬂ&ntﬁuxingneV|tably

i ndugi ng |n fhe | att t he_sane proces as t e occurring.in the signal
e Bt foat P RO e R a T bt P e e O il L% Betnaen
t he phot OCﬁ'ﬂrLfoie(Sde&ye[LSghtterhStMQﬁﬁajhye tohoebthebnt eduges e ronnunber, or
25i ncrease the thickness . of th g%vgs of the transparent naterial between

t hem hbltWﬂyekﬁ%%thﬁ3oWl§Bf%t?Qﬁl tY%e Ofr oBFeR S Dt MR OHY results in

either |intdngd he maxi Mﬁht’%yﬂfﬂﬂ wivdatathhat ean bentecorndedion eme data
medi um or increasing the thickness of the nultilayer optical disc and

30t hus r edutiHFAheTr éEoF 8 hyt efetrsity ATl Car e SEMC et Muds® used to

supppess the Lness-tahksbgtween 1he dayers i noprachicaly ¢hadiment,of the
prototype: the first method uses, as a source of recording radi‘ation, a

power f ul | s ivihilc R SSPNER| of atles QHﬂiMﬁﬁodﬁﬁéﬁénaﬁét%Qrh%o#QﬁQH}qﬂWQWess in
t he signalphat gehranic kggeérogggﬂkhe ot her has an optical train to

The main disadvantage of the prototype resides in the low

15 density of the recorded information, which is due to the
cross-talk between the layers of the photochromic material.
The cross-talk occurs as a result of the fact that when
information is recorded onto a deep-lying signal layer of the
photochromic material the radiation with wavelength Al passes

20 through the higher-positioned photochromic layers thus
inevitably inducing in the latter the same processes as those
occurring in the signal layer while the information is
recorded. To decrease the cross-talk between the photochromic
layers, it is necessary to either reduce their number, or

25 increase the thickness of the layers of the transparent
material between them. Neither wvariant of solution of the
problem is optimal and results in either limiting the maximum
volume of data that can be recorded on one data medium or
increasing the thickness of the multilayer optical disc and

30 thus reducing the recording density. There are two methods
used to suppress the cross-talk between the layers in
practical embodiment of the prototype: the first method uses,

as a source of recording radiation, a powerful laser which



regi ster fluorescent light, which conprises a chromatic aberration
conpensation el enent, short-focus objective | ens 5and an aperture di aphragm
of several mcrons, all arranged in series thus formng a confocal train
for registering the fluorescence radiation. The use of the confocal
registration train markedly reduces the/value of the useful fluorescent
signal, so a photonultiplier is proposed to be used in the 10prototype as a
f| uorescentyd;oht ABhECtb. oD hifes AP Nandaihieppracts cal arbadipent
described iIn fhe prototype confirns exi stence of a serious problemwth the
cross-t al kelpgtosdenntike Lhager sandvhiie agmerrhéast her ohthdat hiersitratte- of -t he- art
technol ogy. Jil 68 0ut usi 0. L he; LAl otyne,! hhfie, production, of 15 commer ci al
i nformati on Tecordi ng déevices based on il tilayer optica i scs because of
t he hi gh cdstrrandoconphexndesi gn ofentdre,devioce - £200s scb psuriercofl enlse

| nvention The task to be éolved q% p{is invention is to increase t he
recorded dHt% ded&try on Mt {hyer Gpical "drst M ni Tt stmntTedds! y

si mpl i fyi ngetike desisgiodfhihiea dewi fe:a125 rEiins fbaskegast beisplored t hr ough
achieving a technical result, consisting in decreasing the cross-talk

bet ween t he PHEISGERFET 8AFAYErs: of*% HE Smil't itPSyEPHBES’??JcaWe%I]i%?%@H

i nformati oivdis, heGeeded oBdhteanthd edlce Lire tpeohabihi t 1 @fra308i Nng the
recorded information during read-out of the latter. -s nultilayer optical
di sc, conpti%idg &R 8pPReaP™di stPpoyi thiomrRgOs§st bt Pa st ¢! df2er adi at i on
usi ng two different Jwavekengtbs-and opficalhy-coupl gd whd hoee frogusi ng.
system provided with a focusing neans,” an optical sensor (photo 5receiver)
opti cal | y Bouplredtiiceh eneofbreist g sysites vinathe prototype confirms

existence of a serious problem with the cross-talk between the

layers, while on the other hand the state-of-the-art

technology rules out using the prototype in the production of
15 commercial information recording devices based on multilayer

optical discs because of the high cost and complex design of

the device.

20 Disclosure of the Invention

The task to be solved by this invention is to increase the

recorded data density on a multilayer optical disc while

simultaneously simplifying the design of the device.

25
This task can be solved through achieving a technical result
consisting in decreasing the cross-talk between the
photochromic layers of the multilayer optical disc when
information is recorded on it and reduce the probability of
30 losing the recorded information during read-out of the latter.

In the claimed invention the technical result is achieved by

using a device for recording/erasing/reading information on a



spectrumsplitter, a control and data processing unit electrically
connected to the radi ation source, focusing system positioning neans and
optical sensor, additionally contains an adjustable spectrum sel ector at
whose out put the 10required ratio of |ight beamintensities can be set for
each of the two wavel engths, said sel ectdor being arranged between the

radi ati on source and the spectrum sel ector and electrically connected to

the contraql,and .ata processing. Unidy, Whiihg Lheofocusing systemis designed

S
with a chromatic "15aberration %% position on the indicated wavel engths. The
essence ofpasd liomient soateesi desolirrd g freldiewing. us ng hevdeldiiderastel ai med

in the iny i-Q fogusj e Si Wit hr omat | erration of
position éﬁg%ﬁggg%g%ogggio%?%ﬁgg. %ﬁﬁiﬁd%§§gP tho ?%ﬁ$§5%§ﬂ?§hitted on
two differentviwavelengt hs farthimg treamrayl tainl apeicept seadodi gghcguuch that the

focusi ng pl anes fgr t hese gavelengt s.%;etzpa%ed at_distance S. The cl ai ned
devi Ce is iTtendsd PEriratoy di A7 erasingy Feading F htér vt iSh ot &

mul ti | ayersopiireal s25diserconststimg eihdaldaesnatbbgssaygrsiof phot ochrom c
and transparent materials. It would be appropriate to use, say, a polyner
with a mdifmhiopticdl Cpassape” of© | Tiht” GG Wi el engt H"W 'hd A2 as the
transpar endydmieidoal tandiHgendsnd i phetrachnoreasprf esddl sigay1a ful gide

pl aced in a polyner 30matrix and capable of changing its optical properties
when expos&diedtadiratrons Wi he ekt et ¥e LACtandaAowherrl it the

spegifi caldymyuren expasyrer ton@ hdghti iMcti iwauel engtihe Aled ned .t $i ti al
state, developing a capacity to fluoresce if -9- exposed to a light with
wavel engt P TAXh& tthionwa Vel gegspect¥ald rradge tesnPent ¥ onal #39 ge istted A3,

whereas whap, ©RasedohosLLODL i hypelenglh 82,100t s,changed state it
can fluoresce and return to its initial state ile Tosing the said
f | uor escerglssprroperltlivesonnethed process.cofigotthroknéssa obr@aredsidiovi dual

unit, while the focusing system is designed with a chromatic

15 aberration of position on the indicated wavelengths.

The essence of the invention resides in the following. In the
device as claimed in the invention the focusing system
designed with chromatic aberration of position enables

20 positioning and focusing of the light beam emitted on two
different wavelengths within the multilayer optical disc such
that the focusing planes for these wavelengths are spaced at
distance S. The claimed device i1s intended for
recording/erasing/reading information on a multilayer optical

25 disc consisting of alternating layers of photochromic and
transparent materials. It would be appropriate to use, say, a
polymer with a maximum optical passage of light having
wavelengths Al and A2 as the transparent material and use as
the photochromic material, say, a fulgide placed in a polymer

30 matrix and capable of changing its optical properties when
exposed to radiation with wavelengths Al and A2, and more
specifically, upon exposure to a light with wavelength Al in

its initial state, developing a capacity to fluoresce 1if



| ayer of the photochromc material in a nultilayer optical disc is fromone
to several mcrons, and that of the individual |ayer of the transparent
material 6, fromseveral mcrons to tens of mcrons. It would be
appropriate to choose 10t he value of chromatic aberration of position of
the focusing system S, to be equal to /2. The spatial separation of the
focusing regions of the light emtted on wavel engths Al and A2 makes it

possi bl e, dedea aola0erbat n,eht OMRNd G ARer K3l LoRn el PARidd abol Lhe

ce
focusing system to inplenment a unique condition involving interaction of a
t wo- f r equerryer adinaeinononi t hy t hensidss t’anc e'hgliensr eben déxgp st dsi g gand

readi ng i nf. i eep-|yi phot ochr ogm_¢c | aye o] optical disc,
whi ch ninﬂ%ﬁ%gggf%gegggﬁfggtho ﬁ%“%%%%%ggéﬁﬁ g¥ %%% i&%ﬁgéﬁ ﬁho%%Chronic
| ayers andremasurte afsi nfiorhal | o tduming er éadioygt thdhssicohdidriepmrens

i npl ement ed t hrough si taneous irradiati.on of the nultilaye ptical disc
by 5t o FPSECY o 36 BPF QL THE m i GF-PATBRS: PF eah of "1 ik r a
conponent sl Bfehifc khiespruath i @m 25t gratailo iaf awavet engydis @ftida sane
spectral conponents. For exanEI durin recordinﬁaof data the absorption

€,
of radi ati®r o wavereRGENTAl SAHT &1 AN Sn 6F At hé2phot ocHt omi ¢ materi a

to a changediistiat@1canyakseroerart Nots Ry ti Ratbeisi gpal £ photpchren c
| ayer, but also in other |ayers throggg whi ch the 30recording beamis
propagat i g:CIRISs tPedGPEsOf NyRodtS 1 rslATRE PRET@RT bRt RePéengt h

A2 ob appraps ahed Birenakbya. 81 muales ithe orehbusnt obnthe photoechianic
material to its initial state in the |ayers ere no recording is being
made - 105¥stfinthSthéor bsubtuahato the .ghost records that occur therein

di sappear. In case of sinultaneous irradiation with |light on wavel engths Al
and A2, the ratio of intensities of spectral conponents of which is equal
to the raITkg(ﬂpathelmaepheﬂgt@@ of the focusing regions of the light

emitted on wavelengths Al and A2 makes it possible, due to a
15 certain chromatic aberration of position of the focusing
system, to implement a unique condition involving interaction
of a two-frequency radiation with the substance when
recording, erasing and reading information on deep-lying
photochromic layers of the optical disc, which minimizes the
20 effects of the cross-talk of the higher photochromic layers
and erasure of information during read-out. This condition is
implemented through simultaneous irradiation of the multilayer
optical disc by a two-frequency radiation the ratio of
intensities of the spectral components of which is equal to
25 the ratio of wavelengths of the same spectral components. For
example, during recording of data the absorption of radiation
on wavelength Al and transition of the photochromic material
to a changed state can also occur not only in the signal
photochromic layer, but also in other layers through which the
30 recording beam is propagating. This results in ghost records.
The radiation with wavelength A2 of appropriate intensity
stimulates the return of the photochromic material to its

initial state in the layers where no recording is being made



50f these spectral

initial
spectra

10spectrum sel ector.

conponents, the photochromc material is always in its

state thus keeping the photodynam c equilibrium The intensities of
conponent s of radiation having wavel engths Al and A2 can be
controll ed by independently changi ng their passage using an adjustable

Brief Description-d?-the Drawi ngs 15The nature of the

i nvention can best be understood by reference to the rel evant draw ngs.
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Brief Description of the Drawings

The nature of the invention can best be understood by

reference to the relevant drawings.

Fig.

Fig.

Fig.

Fig.

1

2

is a diagram of the claimed device.

shows the characteristic absorption spectra of the
photochromic material in its initial (solid line) and

changed (dashed line) states.

is a detailed diagram showing the intersection of the
light beams having wavelengths Al (solid line) and
wavelength A2 (dashed line) inside a multilayer optical
disc. The diagram indicates the thickness of the
transparent material layer, 5, and chromatic aberration

of position of the focusing system, S.

is a general diagram showing the intersection of the
light beams having wavelengths Al (solid line) and A2
(dashed line) inside a multilayer optical disc (a) and
a chart corresponding to this geometry and illustrating
the ratio of the areas of the light beams having

wavelengths Al and A2 (b) in the data recording mode.



5 the ratio of the areas of the |ight beans having wavel engths Al and A2
(b) in the data reading or erasing node. Fig. 1 shows nultilayer optical
disc 1, optical disc 10positioning system2, radiation source 3 with two
di fferent wavel engths, Al and A2, focusing system4 with chromatic
aberration of position at wavel engths Alland A2, means 5 for positioning
focusing system 4, optical sensor 6 designed so that it can register a

f| uorescenge, radi ati onoon. yewel engthh Load spentrum splidter, Toapghl e of

repelling the radiation on wavel engt and passi ng that on
wavel engt h A3 as webhtakeanj ustabie wpyedenamhsehectorl 8l clapabl engf A2

i ndependently contr.0lling e passage of radiation . wavel.engt and
A2. Besides, the éﬁgabéﬁméﬁd%k-%Eﬁggbﬁ-gﬁé%gagg%g s Q%%%%f%ﬁﬁﬁégﬁ 8 d
el ectrical ly inteerfabedtwdéhregdiratingn teotihde eoposiy iani ng Imeams t5nof

focusi ng system 4, . adj ust abl ectrum sel ector.8 and opti.cal. sensor 6. As
may Be seen fron1EP8.k§§l?h j?a orpticon © pgg?r;l%?ggﬁ%ﬂgﬁﬁﬁ%Fﬂ%%ronic
material in the inbteabndsodix ldmeplantd)changed {dashethdime)rst at es
appreciably differ. Inits initial state, the photochrom c materi al

exhi bits the naxi MGATaDBE0FPptFon capacity in the ultraviol et region of the
spectrum Wen exposed to a radiation with wavel ength A, which corresponds
30to the short-wave peak of the absorption |ine, the photochrom c materi al

turns fromidre i SRSl MEE At €21 tHE Itdnged Cohe. OPESCabsdrti on spectrumin

thigocase issidisshaniedystbg shorismaviedas,pum of i be {ideidecr.eases, and,
- 12- conversely, the Fong-mave one located in the mddle of the visible

band i ncr eeses.enaihisy sAéhanget? star@rtivg phietewht orfi €L nelteiad]icdevel ops,
when eXpo$£gggféﬁﬁoﬁag%abbQgtbgﬁlQ@sNavelengths Al and A2, means 5 for

positioning focusing system 4, optical sensor 6 designed so
that it can register a fluorescence radiation on wavelength

15 A3, spectrum splitter 7 capable of repelling the radiation on
wavelengths Al and A2 and passing that on wavelength A3 as
well as adjustable spectrum selector 8 capable of
independently controlling the passage of radiation on
wavelengths Al and A2. Besides, the diagram shows control and

20 data processing unit 9 electrically interfaced with radiation
source 3, positioning means 5 of focusing system 4, adjustable

spectrum selector 8 and optical sensor 6.

As may be seen from Fig. 2, the absorption spectra of the

25 photochromic material in the initial (solid line) and changed
(dashed line) states appreciably differ. In its initial state,
the photochromic material exhibits the maximum absorption
capacity in the ultraviolet region of the spectrum. When
exposed to a radiation with wavelength Al, which corresponds

30 to the short-wave peak of the absorption line, the
photochromic material turns from the initial state to the
changed one. Its absorption spectrum in this case is

distorted: the short-wave maximum of the line decreases, and,



wavel ength A2 and corresponding to the | ong-wave peak of 5absorption, a

capacity to fluoresce. In the event of fluorescence, the phot

ochrom c

material partially returns to its initial state. The recording of data on

nmul til ayer optical disc 1 is acconplished by irradiating with |ight having
wavel ength Al. As nultilayer optical dirde is sinultaneously 10irradi ated on
wavel engths Al and A2, the photochromc material does not change its state,

provi ded the,Jalde of it enssLi o5 Qa‘ner adicalilan; AncAUGH; yavEl anghhs | equal

to the ratio of thée wavel engths. is a

tail view of nmu

tilayer

opti cal diwicsiwiltchbphdt dvhreases malrerﬂl@l dhaiylglesl $0ahadtie arisparadnomiat eri al
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gths Al (solid
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spectrumis | ocat.ed at a greater_distance fro ast opt cal conponent
than%the f%hﬁ?l g pr afe“d a?hgys%orﬁi §C§0r?%ogg8er$E; i ation

spectrum ﬂﬁ@m@ebetme@hw@dm g telranespeftihel y aﬁtt&tm&n tei th
wavel engt hs Al. and t he cl ai ned device 25shoul d be ﬁh$ferabl made

twice as |'€ss Jé)'s}ttll‘?‘l cEﬁ@E% 6" o W%ﬁféﬁéﬁ%ﬁ’tﬁ Fayér o1 1ot t

%51 &pér-Sapti cal

disc 1. Figsd41and 3cangpgenesdl @i agr-ans tshegwyngnt b@gwtm@eﬁtl on of the

radi ati on beans haV|ng wavel engths Al (solid line) and A2 30(
c

i nsi de nul'taveayed topt

10 irradiated on wavelengths Al and A2, the photochromic

ashed line)

aﬁsdmgktq;qyﬁq|ﬁ?qig@& disc is simultaneously

material

does not change its state, provided the ratio of intensities

of radiation on such wavelengths is equal to the ratio of the

wavelengths.

15 Fig. 3 is a detail view of multilayer optical disc with

photochromic material layers 10 and transparent material

layers 11 as well as regions of radiation focusing on

wavelengths Al (solid line) and A2 (dashed line). In the

optical systems having chromatic aberration, the focusing

20 plane of the long-wave portion of the radiation spectrum is

located at a greater distance from the last optical component

than the focusing plane of the short-wave portion of the

radiation spectrum. Distance S between the focusing planes of

the radiation with wavelengths Al and A2 in the claimed device

25 should be preferably made twice as less as thickness 6 of

transparent layer 11 of multilayer optical disc 1.

Figs 4 and 5 are general diagrams showing the intersection of

the radiation beams having wavelengths Al (solid line)

30 (dashed line) inside multilayer optical disc 1 in the

and A2
data

recording (Fig. 4a) as well as reading or erasing (Fig. ba)

modes. In the data recording mode, the beam of the recording

radiation having wavelength Al is positioned and focused onto



recording (Fig. 4a) as well as reading or erasing (Fig. 5a) nodes. In the
data recordi ng node, the beam of the recording radi ati on havi ng wavel ength
Al is positioned and focused onto - 13 - photochrom c naterial |ayer 10

(see also Fig. 3), while the beam of the reading/erasing radiation having
wavel ength A2 is positioned and focused!>due to the presence of chromatic
aberration of focusing system4, approxinmately onto the m d- 5thickness of

the adj aceiosneoeadingateansparant, layaisellailp bhe. dafa hisadi ngler asing
nodes, the beam of reading/erasing radiation having wavel ength A2 is

f ocused orpgrhotodciiheniceadatef ¢ads iy eradi@tiandhavony ersed yenatie Agedm of
recordi ng 10r.adi ati.o ayj vel engt h i ILLiope .ocused
approxinaﬁéf%ﬂ%ﬁgﬁdtﬁggnléggﬁ¥@kﬁ%§%q%?tﬁ%bbggggﬁg%tggr%%e |ﬁ%‘iransparent
| ayer 11. Asnmeyibe séefoftneoimg hey<thar t4s presertrdteny Fgse e 55,d-t he

15 f_.t.he b th tral f di atj i.th
woeCongt HEATTERD A5 PE RPARLTCaI Ty GHUAT o b 8RCR" bt or | TRFoUgHout € he

depth of optical disc 1 and markedly differ only when they are in the
i medi at e vicini%%ﬁof t he gggtochronic materi al | ayer _used for recaording,

readi ng or'20&tasiré SFAFARSS TalT Ot TSHGE d FaCntiP e Af et S UPIIYAT I SE be

si mul t aneous] iy t@xR0%8G1he Kadt Bdhoh ap wavelbengthsoAN prdth AZ-dMith the ratio
of their intensities ensured to be equal to the ratio of the wavel engt hs,

t he i nf or M9 SdontaPRedCi n2ite FIREISIHY /t hECpRBRBCH o CCUBYErs wil | not

change whendiead «2oedt 16T whhe: signaliphat eehr el 6 gal el i Alcuddy the exanpl e
presenting the best enbodi ment of the clained device it is suggested to use
mul ti | ayerardptaxcale teilgcontamiles upt dfthalakaesat Phgthayedsaednta nuemespadent

material, ;say,q %Q@gkyggPQQngie, t he thickness of one individual |ayer being
about 100 nlcrgﬁs, an ayers of a photochronmic material, say,

pol ycar bonate, conprising the photochrom c ful gide conpl ex,

As may be seen from the charts presented in Figs 4b, 5b, the

15 areas of the beams of the spectral components of radiation
with wavelengths Al and A2 are practically equal to each other
throughout the depth of optical disc 1 and markedly differ
only when they are in the immediate vicinity of the
photochromic material layer used for recording, reading or

20 erasure of information. Should a multilayer optical disc be
simultaneously exposed to radiation on wavelengths Al and A2
with the ratio of their intensities ensured to be equal to the
ratio of the wavelengths, the information contained in the
pixels of the photochromic layers will not change when read

25 out off the signal photochromic material.

In the example presenting the best embodiment of the claimed
device it is suggested to use multilayer optical disc 1 made
up of alternating layers of a transparent material, say,

30 polycarbonate, the thickness of one individual layer being
about 100 microns, and layers of a photochromic material, say,
polycarbonate, comprising the photochromic fulgide complex,

spirobenzopyran, having two stable forms, spiropyran and



spi robenzopyran, having two stable forns, spiropyran and -14- nerocyanine,
the thickness of individual |ayer being about 5 mm A suggested source of
radi ati on, 3, having two wavel engths, Al and A2, is a solid-state |aser
based on the crystal of NdYVO4, with the radiation transfornmed into the
5second (A2 = 0.532 um) and third (A= 0855 pm) harnonics. A suggested

adj ust abl e spectrum selector, 8, is an optical unit conprising an input

spectrum spl,i Liseparati pg; Lhe. paths ;ofyith a i | at] on
wavel engt E@i Néé@ﬁl& %2 rCt \%\oggﬁ%epee%gecﬁflly dclontg}lgﬁl g’%}lg e%%%%g?o%b%&ti cal
nmodul at or sud.0dy sawged ferdesperté vel yadimttibe, opt i bavipattigo of the |ight

havi ng wavel Al d , 5 and. QuUt-put t itter i grating
t he pat hs Vgaf‘?etr]%gl@ﬁlgsht ﬁgegﬁé }Wg’t ﬂlsalgavesl%elﬁg ﬁzggﬁ g%%j% %%?(gro %teh%e have
passed t hrougitalhefctonvvol)} abl eh eftectraotieptiocak rapdfid ated sintAs thecusi ng

system4, it is ugges t 0, use l.ens nodul ith | arge nuneri cal
apergure a%ed:osfﬁjhé?licél Sa%g?r%ﬁl% O%P%gﬁﬂlﬁgf (é\ﬁdldngﬁz‘é\{%]ﬂ ﬁrba% S“ensuring a
preset chramidstcabearnrattanl of spast turoscarcnavel engt Bsa o@nidtA2.unit
Positioning nmeans 5 of focusin s%%_% em4 are suggested to be nade in the

formof a ToIPEbPE &PBEE r S gnett SP204(iSheASPOR Bntdr Ty RAe'S &hgt hwi se

di spl acemeite ofc-@ne cor raBE 8t 0Pt | GalwLeMREREALS Aof shacus] ngysystem 4 al ong
the optical axis for selection of the signal photochronmic |ayer or

mul ti | ayer el dil e Cen 60 b lulse f fsit fre€Brdrag, MNP @atit iy and er asi ng
infopmati of. A ALhrLakeemLEFOT ] Sisuggested Lo Berdsedr as,25spgat rum
splitter 7. Enbodi nent of the 1nvention
having wavelengths Ai and A2, and an output spectrum splitter
integrating the paths of the light beams with wavelengths Al
and A2 after these have passed through the controllable
electro-optical modulators. As focusing system 4, it is
15 suggested to use a lens module with a large numerical aperture
and spherical aberration control and monitoring means ensuring
a preset chromatic aberration of position on wavelengths Al
and A2. Positioning means 5 of focusing system 4 are suggested
to be made in the form of a controllable electromagnetic
20 suspension ensuring the lengthwise displacement of one or more
optical components of focusing system 4 along the optical axis
for selection of the signal photochromic layer or multilayer
optical disc 1 to be used for recording, reading and erasing
information. A dichroic mirror is suggested to be used as

25 spectrum splitter 7.

Embodiment of the Invention

30 Multilayer optical disc 1 is placed, with use of positioning
system 2, in a position as may be required for recording,
erasing or reading information. The light having wavelengths

Al and A2 passes from radiation source 3 through adjustable



30Mul tilayer optical disc 1 is placed, with use of positioning system2, in
a position as may be required for recording, erasing or reading
information. The light havi ng wavel engths Al and A2 passes fromradiation
source 3 through adjustable - 15 - spectrum selector 8 at whose output the
required ratio of intensities of the |idght beanms having wavel engths Al and
22 are preset. Then the light is directed through spectrunlsplitter 7 to

focusi g SYslamh whose-poshtlonalsSef, hich e g 8.0l pasid ln ng means

5. Said neans 5 position the focusing regions of nms with
mavelengtrmﬁUNnaaﬁdeAZOﬁnshdelnmmt|bQﬂma'h@wumgawaMEéenqtmmdhbdmukﬂéﬁocusing

system 4 Lo commensal g,Lhe Al 51 ag spheri.cal. abentatipn, Ihe, recor di ng.

erasi ng or® I 'nf or or med
i ntensi ti esloft treadi7atbonoons the $ﬁﬂpﬂtﬁlm@owavpbemgihnus$ngyadpu3iabbe

spec rum sel ector 8.  \Wen_informat|i on, recorded ower radi ation
w%ivel enag]tdﬁ 9 po§%é§2flﬁ{i% Tany” t%}' adﬁi wavelre gFﬂSJZE”?% g%fﬁﬁ WHen

i nf or mat i oredisrer asedhet h]egpovv@éarﬁﬁ wiadh a;tahz@meﬁ@tmavzei eqngd mzﬁ\lmﬁd@am mum

15and t hat on wavel engt ni mum en inforpmation is read out the

ratio of 1€fyerra8g5t1?6h %Jnsi%vajvéﬁ‘néjn@tdﬂuﬁlt £8CPRAEY oY Weltfel ‘erigt h A2

equal s Al /M@Mdt% WhthbRi 012y -sfhefki cENe albeadaeubn of Thberd@corided
information is performed by registering the fluorescence radiation on

wavel engt &3 201 Rduéeadnylt hel r i At4eon RaviSngeraverehgth A24%H hose

pi xebs of photigghranmi¢ onteriahi si giplod aver rLQpuhi ehe have hegnf i rst
irradiated with wavel ength Al. Sonme portion of F he fl uorescence

radi at i on &M ediby tEResespexeran efftlers-orhé - aﬁé?tlui't@f@fméf@wml@_ syst em 4
wher ef rom cHARILS Yﬁea %Ptéfjrqgc?ﬁapéi'o t{%ﬁe%awléﬂgt ”;E’Ptlso 20t

sensor e signi |ca Istinction o cl'ai med device fromt
prototypezﬂubsiwm phewaselemgh@yvgﬂabménSQQGmruhEseLetwrmaEion is

erased, the power of radiation on wavelength Al is maximum,

15 and that on wavelength A2 is minimum; when information is read
out the ratio of power of radiation on wavelength Al to that
on wavelength A2 equals Al/A2 and is within 0.2 - 0.7. The
read-out of the recorded information is performed by
registering the fluorescence radiation on wavelength A3

20 induced by the radiation having wavelength A2 in those pixels
of photochromic material signal layer 10 which have been first
irradiated with wavelength Al. Some portion of the
fluorescence radiation emitted by these pixels enters the
aperture of focusing system 4 wherefrom it passes via spectrum

25 splitter 7 to the input of optical sensor 6.

The significant distinction of the claimed device from the
prototype lies in the use of adjustable spectrum selector 8
enabling independent control of the passage of the light

30 having the wavelengths generated by radiation source 3, while
the focusing system is designed with a preset chromatic
aberration of position on said wavelengths. The task set

before the invention is solved by the fact that during the



enabl i ng i ndependent control of the passage of the |ight 30having the

wavel engt hs generated by radiation source 3, while the focusing systemis
designed with a preset chromatic aberration of position on said

wavel engt hs. The task set before the invention is solved by the fact that
during the - 16 - read-out of the pre-fecorded data two processes occur in
the information | ayers of the photochromc material of nultilayer optical

dsc 1. erasiiedl shenbnbpt (RLLOMAY d:he 16adLRg-Dean andll sf eqQr ding by
the recording beam At the sanme tinme, a bcertain ratio of intensities of

t hese two befamnegnsor ésystabdfitlye afhativehgptiicahatendit i oh mofl tiHeyer

phot ochrom ¢ .| ayer f.th i C i,SC.. i vice is ly

nor e effig#%ﬁt hgﬁsghé’l Eggéﬁ 3%%qh$hf§E?§m%gggﬁ§§yt ééc %ﬁéﬁ?gg?ﬁgﬁe

phot ochr omrcl netserieabsdi hat byayhderarsediing beam.t At tid ovaret itomd, aper s of

mul t iLl ayer opti.cal di.sc 1, .specificall ne- phot on phot ochrones, is w der,
Tnd Pho QeSO Che Ghali T e bt i T Tace GR0 MERBREHETIof ¢ ho df oc
mat eri al agmapiati t15str tngeabtiddl showdid ibe stfr esseghd bathtdiel cliaiveed devi ce
is based on_the | ayer-by-| ayer recording/erasing/reading principles used
with the i dtiehg® Wﬁaérp%égz So the enbodi ment of the invention 20requires
no redesigning the existing drive system only its upgrading. The positive

effect is achieved through changi ng t he nonochrom c radi ati on source to a
source or AOMIAGC BRVOFe sotrtEs alsihgodier Féfent cavelEhgtits and addi ng

an extra adjusiable spect rumselect amang akogustng syst&mMidih a 25preset
chromatic aberration of position.
materials that may be used to form the information layers of
multilayer optical disc 1, specifically, one-photon
photochromes, is wider, and the demands on the quality of the

surface and homogeneity of the disc material are not

15 stringent.

It should be stressed that the claimed device is based on the
layer-by-layer recording/erasing/reading principles used with
the existing DVD drives. So the embodiment of the invention
20 requires no redesigning the existing drive system, only its
upgrading. The positive effect is achieved through changing
the monochromic radiation source to a source or a combination
of sources using different wavelengths and adding an extra
adjustable spectrum selector and a focusing system with a

25 preset chromatic aberration of position.



- 17 - Caim1l. A device for recording/erasing/reading informati on on a
mul til ayer optical disc, conprising an optical disc positioning system two
sources of radiation having different wavel engths and optically coupl ed
with the focusing system provided with positioning neans, an optical
10sensor optically coupled with the foclsing systemvia a spectrum
splitter, as well as a control and data processing unit electrically
connected to the radiation source, focusing system positioning nmeans and
optical sensor, wherein said device conprises an adjustabl e spectrum
15sel ect orsaf; pwhose output the required ratio of intensities of the Iight
beans can t for each of the two wavel engths, and wherein said selector
is arranged between the source of radiation and spectrum splitter and
eIec%ricaH!y GO nected_to the ¢ qgnpl and data Qrocesgin 20unit, while the
. ag ¢ n ia} I

f ocusSi ng sySten1F¥lagsfaﬁeﬁe%ﬁ¥ 3 romath 5e§8er9a%id% otnﬁgéppign on the
i ndi cat ed wavelendtihser25ptical disc, comprising an optical disc
positioning system, two sources of radiation having
different wavelengths and optically coupled with the
focusing system provided with positioning means, an optical
10 sensor optically coupled with the focusing system via a
spectrum splitter, as well as a control and data processing
unit electrically connected to the radiation source,
focusing system positioning means and optical sensor,
wherein said device comprises an adjustable spectrum
15 selector at whose output the required ratio of intensities
of the light beams can be set for each of the two
wavelengths, and wherein said selector is arranged between
the source of radiation and spectrum splitter and
electrically connected to the control and data processing
20 unit, while the focusing system is designed with a

chromatic aberration of position on the indicated

wavelengths.

25



