DEVI CE FOR RECORDI NG AND READI NG DATA ON MULTI LAYER OPTICAL DI SC 5 Field of
the I nvention The invention relates to three-dinensional (3D) optical
menory devi ces and, nore specifically, to devices used for recording,
10erasi ng and reading data on a nultilayer optical recording nedium The
device as clainmed in the invention 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
i ndependent 15vi deo Obﬁﬁﬂléﬁi%sﬂ%N&%gﬁggggﬁefDAﬁ | nventi on Anong
the nost inportant techm r of effective
systens using | aser radi ati @N MULTEEAVERI| ORTICAIoMTERd on on 3D nedi a,
particularly on nultilayer optical discs, is the one of positioning the

| aser beamin the recording area inside the 3D nmedium so that a change in
the eptical properties of the recording nmediumas a result of 25storage of
information is spatially localized to the maxi num By a change in the

opti cal pr%ﬁ?ﬁ%?&é%hﬁ EﬁV@nEH§% may be meant 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 recordi ng one
30bit of ddta PiIRErPntistabes nfhi s HLAGESEAEREasT Ry Tihe" TPt Femory

devices and, more specifically, to devices used for recording,

10 erasing 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



recording density and volunme for storage of data on one nedium The m ni num
| ateral dinension of a pixel is limted to a value of about half the

wavel ength of the recording -2 radiation. This directly follows fromthe
diffraction theory and so is a fundanment;al physical limtation. By
recording data with use of short-wave optical radiation and short-focus
optical systens with |arge nunerical apertures and corrected 5spheri cal
aberr at i orraghiadhiohocidishilsreadi ation arist Hiremt heer @& 6F th gl aredingmrone can

obtain a hi vol. ' t : r N ti ' e art
is a 3D dgvlggg’ i c};éngegg?g%%énginﬁ %a%%ﬁ% %glﬁrllflt g%%{{?o%y?{fawat av. ?ia%kano
M, Lee S-WGthThee- difnehsronakveptpcialaldateadisttopagendssimgr t-hreersdi mensi onal

optics. - tical Engineering,,vol. 40 (10), p., 2247-2254). The paper
Goscrt bes VAriGs TaneRsnat BB s il stk Brebd st this e I8 ons o
a dewi ce fathdareécarndiabgyrretashnghadtd feeadi ngiisntadhation,wiltBbasetheon t he

principle of confocal m croscopy. i s device records information. by
P ocusi o CHETSg: FEALHG! NS 1P (RCad o sVer GnGET, IETA Y (1o Tt er i al
and changing-dhwea ehiraehkbonohndex of said material by exposing it to the

radi ation. The recorded data is then read out by registering 20t he regions
with the changed refraction index by the value of phase distortion of the

readi ng |ightbeamewiet hra vavel engidyothet it hapothah g oind he- 4860y di ng
radi ati on. The authors of the above paper point out the di sadvant ages of

t he 1fr oposiedf ar&ars candKdeviees: » Thecdrosds-t &k BetweBhret el Ny dls great
where 250ngsphation radia, aLge uset g WL THeHS €0k tyg: Phot an grrdica

Engineering, vol. 40 (10), p. 2247-2254). The paper describes
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.



requires a nore powerful and shorter recording | aser pul se, which nakes the
m niaturization of the | aser source inpossible. Besides, since the nethod
of neasurenent of phase disturbances is highly sensitive, the data
recording requires 30nmedia with very high optical honogeneity of naterial
and optical surface quality. -3 Also known in the art is a device for
recording, erasing and reading the data within a photochrom c materi al,

typi cal | y Blgia bewropyrahhenalhtas redidvice IDrmuerpxdingpi e diynsofangol ymer

(US Pat ent - 886 hr ee- di i L QRtica penpry, yhl,., Pec. 07,
1993). The evlln%e&c%néﬁ:ges fase?; acﬁocrazfél 6:% sgurc!%gg a%%l)' s%/yspflgtr)ras 1'}Jc?re opti cal
posi ti oni ngpiamicrfzopysieng ohitheitasem beasmaThéxpateriadl used f or

recordi ng has two stable forps, i r and .nerocyani he. Transition from
Thetir oy Ao Che aERbr T LA R a TR Y AR L Gt ng on the
wavebengt hneafor532 pail . Thect ecoy di 9B )nedinemdies ickl uompat €k byadamo f ocused

| aser beans with the specified wavelength in two_nutual |y perpendicul ar
di rections’.® %?ttlr‘ﬁnssﬁﬁgﬁé? the SPats™ posiPProhrngPort tHe Hred

i nteracti ofbdfsitnao olfasee bgassd hdungs 3DrsPacecksaachieyethr Widg dikheg
15conversion of the first formof the photochromc material into the other
only occur®@satéCe StRELE0EAF™T egi MR Ahé HeBRECF HERt 32 ct I T afe tdCRer form

of the photoghrion ¢imaterbah exhih t&tﬁéruqrse%ge@@@—M@%&m&%ﬂi@n _
irradiation with light on a wavel ength of 1,064 nm As the material is
i rrafi at eRc208r&Ican Feadvenhel eder Mt ior BY - usShAgr tHer & d FddicFes€ence.

The i nfor gt gn fmecer ded gn A 3R mterd.al b%%ﬁsb%igﬁa?ﬁg Qe figatdng the
medium total or local; say, by irradiating it wth [1ght %aw ng a
wavel engt waofelznbZhpan The dilsaal/anteayesnoficthps devécelare. nostthyis
analOgousI&ﬂnﬁﬂo%%eogpgg?aQngbsitioning of the area of interaction of
two laser beams in a 3D space 1s achieved, while the
15 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 irradiated,
20 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 the one
25 described above. Inasmuch as the process of conversion of the
recording material from one form to the other is a two-photon
one, 1t 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 orthogonal beams
30 within a 3D body 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 onto an area with a



25 descri bed above. I nasnmuch as the process of conversion of the recording
material fromone formto the other is a two-photon one, it is necessary to
use radi ation sources that possess a super-high peak capacity. The need for
positioning the point of intersection ofy, the focal regions of two

ort hogonal beans 30within a 3D body of the material limts the degree of
decreasing the volunme of recording one bit of information by the given

devi ce to lafiarslandreaasonf ohi orometters,crahi.-| ¥opereati atlhy ddwrds gt beam

can be foc n i - - r i "ensj f it
mcron. Muovar eRESgREERy e LR indlripl 38 Bhal FETS! ne et atene
qual i ty oflinie isyr taeesolume twhigh ttie \whlogwehwothct het phot bohrsamce mat eri al
nmust be ver h ners are used as a bindi trix, 5obtaining

hi re pol in
Thot oot Slph i, MEEE PRLYTRLS: Ak U380 83 8 BLALNG B oori on of
3D phot ochrtgrdic imat ehiealsqisredi det jpraobleemmatite. uAliso Kneowbridi tikesapbtt 1S
device for recarding/reading_optical 10information.on a nultilayer
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2008), comprdmsidrgtacsource of radiation, a beamsplitter, a controlled
spherical aberration corrector and an objective lens as well as an optical
sensor (photo receiver) optically 15coupled with the objective lens via the

beam splitAgf, 1@ldwnanhapgedatn S€rd8s de dohe rdipegthon-ofathe RgamaiThe
gi ven device records and reads information by radiation on one wavel ength.
The l8per atiHy WedesooPRt heMdevi &Y el & sSelreradmpy L ehang? ngp &He power of the

radi ation asmgat JLhe Ladiation 20recorgdiingyaediumy Theydmi n di sadvant age
of this device resides
comprising a source of radiation, a beam splitter, a
controlled spherical aberration corrector 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 is
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



in an inevitable danger of |losing the recorded information during read-out.
To mtigate it in the prior art device, it is suggested to decrease the
radi ati on source power during information read-out down to the m ni num
perm ssi bl e val ues at 25whi ch the usefuls_signal only slightly exceeds the
noi se level. The problemof losing information during its read-out is
particularly acute where materials with one-photon nmechani sns of

i nt er acti oreasfind ghttowinehisubsy antier@re@disédoasonhe BHSDrewidy diavg tweldi a.

In real |ight fl| gui rﬁggg inf.o ' j .changes in
t he opticafg1 éﬁ%#?ﬁﬁg%?tﬁggﬁg%gﬁﬁ%t |E?b?ﬁﬁtFg§£?gﬂggggggm§#$ﬁi2 5-10
readi ng cyclees.SaTossadl Hewthe, gi veninpgsgblkematsonBhaat hoiseprioposle t he net hod
of -5 readi information by using radiation on a wavel ength |ocated at the
opti cal - abdOTStion 26ags “oF ¢ hel BHot SOt Qi d MRt el Tar: {50 SAlEhT Ranat a,
Yoshbmasa Kawgt a.00Thneesdi menss pnain aptiiscaletdatia sherageumsidig gphadtkechr om ¢
materials., Chem Rev. 52080, 100, 1777 - 1788). gn ahi ge&?od t.he vol unme
of a pi xel T ELSed™ hePLaPT T &bt &Y efE 67 BvBH ALRYT B4 F o/ F S 188ST des,
wher e one-phatornregdhatanendses pracidealdrncalibaauyhgrs alisepoidntscout a
slight cross-tal k between the |ayers carrying the recorded i nformation. 10

Ther ef or e, PYE 70t 3 GSEPRFedm ot Tich kt @668 thA LRAYVIT TS SEés 16 be t he
one i nvol iy Jrcordicpgherasing i nformati on using the threshold two-photon
media in which information is recorded and erased only when a certain
thré8hol d intensity of 15 |ight has been reached. However, such nedia

require Vef&éﬂ@ﬂy}eta@h@tﬁBQtpr§EiEfHd'6%%4%%9t8n9hgéééfﬂ9 {pforatd on,
while the practical enbodi nent of such power at present in mniaturized
devi ces i ssdampossi bketh20frem el wirenpsionrdéhopeaes ical iefmoditiem , t he

devi ce C'Qﬁ%ﬁ% Q%eikirggggpécfwoigﬁ&ﬁa %@%i%cEgp%ﬁgcgyiﬁngﬁg%%$¥ﬁ,as the
prototype 1s %he Gne Used for e Ing/erasing intformation in medi a,
conpri si ngreawordeauacds eofiseddomt ¥ orham teh cdirfthenenhrasivel @ngtthesys iapt iocal | y

couplLed with n?Pfogusin S st§n1 avi ng 25the nmeans for controlling.the

pos?%ion &ﬁ'}ﬁé SC gFHgg?%é?% . ﬁgwevé%, suc megla requlre very high
radiation power for reading and erasing information, while the
practical embodiment of such power at present in miniaturized

devices 1is impossible.

20 From the viewpoint of practical embodiment, the device closest
by its technical nature and accepted by the authors as the
prototype is the one used for reading/erasing information in
3D media, comprising two sources of radiation with different
wavelengths, optically coupled with one focusing system having

25 the means for controlling the position of the focusing region
within the 3D medium, a spherical aberration correction unit
and a receliver of optical radiation emitted by a 3D medium
during read-out of the information recorded on it (US Patent
No. 6045888. Optical volume memory, publ. April 04, 2000). In

30 this device, when 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



within the 3D nedium a spherical aberration correction unit and a receiver
of optical radiation emtted by a 3D nedi umduring read-out of the
information recorded on it (US Patent No. 6045888. Optical volunme nenory,
publ . April 04, 2000). In 30this device, when information is recorded, a
radi ati on havi ng wavel ength Al is focused onto the recordi ng nmedi um
consisting of alternating |layers of transparent and photochrom c nmaterials.
When exposedfaroadaild thdi aelonted heeghotiochlenee chengemtierd aletilwatlhe
selected r i I r it i.cal _prap i devel ops a
capacity, ()ﬁgggggsgégtggggggglé%f%ﬁgﬁ%$§ﬁgwa5§e§%%%§ 5 ) %o fluoresce on
wavel engt hraAB.atAsnt heviinbovawt leongtls A¥ei ng rféadreate ¢hevaedicatatdn M¥avi ng

5wavel engt asses_through the. side surface,and ts focused onto the
ecor i ng Medim IR RCOLe ot ¢ HOT R Or bl Ro Sata 155 s ng ¢ he
si gnal | ayervelBagthl nar pseeat thghigrerita ed dby stihéaphotit hram cormmtseni al on

wavel ength A3 within the limts of the pixels previous exposed to the
T ant ot PO RGERCARY TheCuSin i L5 DBE L P afat Yt Be Hed noag orer ed
by the optigal sensedredbisygsysd emdrldiustrates rnaDEeud had-anty 1atgrer, the
techni cal nature of the clained device and so is accepted by the authors as

the pr ot ot§pe-ter5Fhe thai R dF Sadvaht ades c6t- athe prat Bt ypE-are’ tHeéddnpl ex
design and-jJowiaceur aey et addsessing idi1Rgkead=Qut, dhese dissadvant ages
are preconditioned bx_the presence in the optical train of an acousto-optic
defFQc;or %ﬁﬁﬁﬂﬂqgt@f éhéﬁ@iﬁ@n¥¢kﬁ¥ﬂﬁl?%§ﬁ_@ﬁopﬁé@?@@ﬁl@ﬁ %%E¥QQ%ﬁiﬁ§@ﬁ

radi ati on ;20w th jwavelengtho A2 apd didecting ht,<epLo-the,$idgnalay any

phot ochrom™ | ayer containing pixels of recorded bits of iInformation. The
pr ot ot ype ©argr/i rihpr itrchpleal om yuensur éhan caedrptiaht el aecandp dfs

addressinqi gﬂxgp%ﬁngkgi%gyﬁgrggggqgkp%r%%gkgggis nmotionless. If the
i e

mul til ayer c 1s 25rotating, which 1s absol [y essential for practical

15 The main disadvantages of the prototype are the complex design
and low accuracy of addressing during read-out. These
disadvantages are preconditioned by the presence in the
optical train of an acousto-optic deflector capable of
changing the path of propagation of the read-out radiation

20 with wavelength A2 and directing it onto the signal
photochromic layer containing pixels of recorded bits of
information. The prototype can, in principle, only ensure an
acceptable accuracy of addressing when the multilayer
recording medium is motionless. If the multilayer disc is

25 rotating, which is absolutely essential for practical
embodiment of the device, the uncontrollable axial and radial
beats of the peripheral part of the disc will inevitably bring

about worsening or even loss of the addressing accuracy.

30



enbodi nent of the device, the uncontrollable axial and radial beats of the
peripheral part of the disc will inevitably bring about worsening or even

| oss of the addressing accuracy. 30 -7 Disclosure of the Invention The
technical result to be achieved by thisjnvention is to inprove the
addressing accuracy in reading information 5recorded on a nultilayer

optical disc. In the clained invention the said technical result is

achi eved Byiawiosgra dévirbe fovertelewrdi ng and reading information on a

mul til ayer optical disc, conprising an optical disc 10positioning system a
source of radiation with wavelength A, a focusing systemwhich is arranged
such that Thes tgptindaklaxesuls perlperndidgvad bg thesfiatesurdrace afo t he
nultilayerhgl;k;a%hdisg La,source oﬁjradh%tEond%%thin vgaep.th A2, an
illumnatio §§§%en€a9 gn%% SUCH That™ t's oﬁglcag axt 1% T per pendi cul ar
to the optiwalrdaxi snok hhetf dewst ngptsiysilemisa.f ocusi ng system positioni ng
nmeans, a spectrumsplitter situated between a source of radiation with
wavel ength Al and the focusing system an optical sensor optically coupled
Wi th the focusingisystam Mianai speatd waisplicthal candraseontidladmictyed

20el ectrically coupled with the source of radiation with wavel engths Al and
A2 and t hoptiicsl 2seR¥6Fe the SHRTE T PAdFaRFoRI wi B HO Mgl Bhgth 2a2

desi gned ag;1a iStaieR obthagerqdiodes,mhose neptihcabraxes @ - parallel and lie
in the sane plane, whereas the illum nation system conprises the
25cefponeM& Sednally Spe5PEi ohetP dl Gh@ it Fedeptiieal vakh syasxiapoth Al,

a focusing system which is arranged such that its optical axis
is perpendicular to the flat surface of the multilayer optical
disc, a source of radiation with wavelength A2, an
illumination system arranged such that its optical axis is

15 perpendicular to the optical axis of the focusing system, a
focusing system positioning means, a spectrum splitter
situated between a source of radiation with wavelength Al and
the focusing system, an optical sensor optically coupled with
the focusing system via a spectrum splitter and a control unit

20 electrically coupled with the source of radiation with
wavelengths Al and A2 and the optical sensor, the source of
radiation with wavelength A2 designed as a strip of laser
diodes whose optical axes are parallel and lie in the same
plane, whereas the illumination system comprises the

25 components serially positioned along the optical axis, said
components including a cylindrical lens arranged such that the
generatrix of its cylindrical surface runs parallel to the
plane in which the p-n junctions of the laser diodes are set,
a focusing lens, and a stabilizing circuit comprising a beam

30 splitter arranged between the focusing and cylindrical lenses,
a second optical sensor optically coupled with the focusing

lens via the beam splitter, and a stabilizer coupled with the



conponents including a cylindrical |ens arranged such that the generatrix
of its cylindrical surface runs parallel to the plane in which the p-n
junctions of the |aser diodes are set, a focusing lens, and a stabili zing
circuit conprising a beam 30splitter arrganged between the focusing and
cylindrical |enses, a second optical sensor optically coupled with the
focusing lens via the beamsplitter, and a stabilizer coupled with the -8
f ocusi ng |fermisigai destabbhidestand segorddopeiceal sehsorl ayasglrectrei cal |y
connect ed éloeé&%]c%% robnHBLEeq to the %%%ft‘}%g ukha‘%.Stab' lizer may be

desi gned as an el ectromagneti c 5suspension. Besides, the second optical
sensor nmay be designed as a strip of light emtting diodes (LED)
1OBesidesqk&g%k§pc%ﬁd gga%g§lzgen%§rkgg%e%% %Iﬁced at gﬂaol&g%gle E%tance
fromthe focusing I"efis. i ch®di stance S equal 6 the oﬁfichQ%%stance
frombt he facisinmgonens to the cylindrical |ens. 15The essence of the
invention resides in the follow ng. The source of radiation with wavel ength
A2 represents a strip of laser diodes with the nunber of the di odes being
equal to thwadifs,t hecdatachayessi @1 adnddd hayepcopts Cahedi &L.2 QR ip
illum nating system of the device conprises, as a mninmum tw 20l enses: a
cylindricdlf e twrehtiBdarttatged 'ddth that it enables correction of

di vergence of the radiation in the direction perpendicular to the plane of
the p-n junctions of the |aser diodes, and a focusing |l ens which is

arr adged a&3ies i thenabresd otk &l ¥ hFaveradeabei rbgecdfat e eatical

25apert ur &l dhie. ISR ALOASCSI NP Whd Nenikdeqd eybiadri calguurface of a
Wth all 1h f the

mul tilayer optical disc. at, the anplification o
i |'lum natitdre sypstiemlndststheceqiadm ttda Heauating dfns heo spat i atl ipeiriiod lof t he

dat a Iayerfrhp a nmultilayer optical disc to the spatial period of the |aser
di odes in the "
15 The essence of the invention resides in the following. The

source of radiation with wavelength A2 represents a strip of
laser diodes with the number of the diodes being equal to that
of the data layers of a multilayer optical disc. The
illuminating system of the device comprises, as a minimum, two

20 lenses: a cylindrical lens which is arranged such that it
enables correction of divergence of the radiation in the
direction perpendicular to the plane of the p-n Jjunctions of
the laser diodes, and a focusing lens which is arranged as
that it enables obtaining the actual image of the exit

25 aperture of the laser diode strip on the side (cylindrical)
surface of a multilayer optical disc. With all that, the
amplification of the illumination system must be equal to the
ratio of the spatial period of the data layers in a multilayer
optical disc to the spatial period of the laser diodes in the

30 strip.

To aid in improving the addressing accuracy, 1t is suggested

that the claimed device use an illumination system stabilizing



30strip. -9- circuit, conprising a beamsplitter, a second optical sensor
and a stabilizer. In this case, the addressing accuracy is inproved due to
the registration and analysis of the anplitude and/or spati al
characteristics of the |light beam of the _source 5of radiation with

wavel ength A2, reflected fromthe side (cylindrical) surface of the

mul til ayer optical disc. The signal registered by the second optical sensor
ent ers t hecigomirtol canieri@hogea dutPutsdls tdleget ri eaFpyd coripl @l widnsotrhe

stabilizer,, fhe s%ta%@é Fé?f t f&%ecda n Ltl% %8893599&{;%‘& ch‘j‘al%' ing it to
make Iongltudlnal ateral Tinear acements within tal 'y narrow
limts as wgldovasl dngutartheti@gmstnﬂumnnvenﬁoanhéyap$|@Ejtkﬁdamphitmhe

di rections dIS ce s_ of the rotati multi]ayer opt di sc mhlch
o 6 caused by ThabaTiaT: Ana s et me tam o Aboa s galY FraBRiE Al opE
f eedback kﬁfpﬁﬂMﬁd&dn Bt tef wbesten gttt o, o&eﬁhecBéamfﬂ@m-ﬂﬂihﬁxnature of the
i nvention can be hes iIIu trate r ef ence to evant dramnngs

3 FeHhorin %
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signal registered by the second optlcal sensor enters the
control unit whose output is electrically coupled with the
stabilizer. The stabilizer is placed on the focusing lens,
10 enabling it to make longitudinal and lateral linear

displacements within fairly narrow limits as well as angular
motions relative to the optical axis in the directions of
displacements of the rotating multilayer optical disc which
are caused by the axial and radial beats. As a result, a

15 negative feedback is provided.

Brief Description of the Drawings

20 The nature of the invention can be best illustrated by

reference to the relevant drawings.
Fig. 1 1s a diagram of the claimed device.

Fig. 2 shows an optical train comprising a source of radiation
with wavelength A2, an illumination system and a detail

25 of a sectional view of a multilayer optical disc.

Fig. 3 and 4 present exemplary embodiments of the illumination
system with a stabilizing circuit and two
different variants of arrangement of laser diodes
within the strip.

30

Fig. 1 shows multilayer optical disc 1, optical disc

positioning system 2, source 3 of radiation with wavelength

Al, focusing system 4, source 5 of radiation with wavelength



Fig. 2 shows an optical train conprising a source of radiation with

wavel ength A2, an illum nation systemand a detail 25of a sectional view of
a multilayer optical disc. Fig. 3 and 4 present exenplary enbodi nents of
the illumnnation systemwith a stabilizigg circuit and two different

vari ants of arrangenent of |aser diodes within the strip. 30 Fig. 1 shows
mul tilayer optical disc 1, optical disc positioning system?2, source 3 of
radi ati on Mt IHesdgekdngtha Adtrimcaisi ey stienesd, 18oupeel bl @finadicanison with

wavel engt hy o'é‘%o.c’ﬁ%’ingegggg%g 2S G St p Qf 1'i%%8g di 99@%11@@?09 tioni ng
means 6 of focusing system4, spectrumsplitter capabl e of repelling the
radi at i on mpalavielgengehrAbiiantdopassivey dllkeatadiat boa oms waveltErgt h A3,

optical sensor .8 designed to b pabl.e of registering. the di ati on on
wnvel angt R 2t aah PBr MENE TBT T A Gy b A COrI by
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Focusing lens 12 is placed at distance L fromcylindrical |lens 11 whose
exit surfdcdis teSSBRETAITY FRECEXIPHETEt §F8S6F Lhe A5 riptditaradér

di odes 10.,,0 strance iL-peets the condition L > F where F is the focal

di stance of the focusing |ens, which fact places the actual imge of the
subjt€ct within the image space. The distance between the focusing |ens and

side (cylipdyical) suphageaflopultidayer, 0Rthedl o8 86e 1i 1 Suduali 0 S Wi th

system, illustrating the mutual arrangement of its components.
Focusing lens 12 is placed at distance L from cylindrical lens
11 whose exit surface is essentially the exit aperture of the

15 strip of laser diodes 10. Distance L meets the condition L > F
where F is the focal distance of the focusing lens, which fact
places the actual image of the subject within the image space.
The distance between the focusing lens and side (cylindrical)
surface of multilayer optical disc 1 is equal to S with

20 S/L = d/D where d is a spatial period of data layers in
multilayer optical disc 1, and D is a spatial period of laser

diodes 10 in the strip.

Figs 3, 4 show the variants of design of source 5 of radiation
25 with wavelength A2 and respective variants of arrangement of
cylindrical lens 11 in an illumination system with a
stabilizing circuit. Referring to Fig. 3, the arrangement of
laser diodes 10 in the strip is such that their p-n junctions
lie in the same plane, while and in Fig. 4 they are shown as
30 lying in parallel planes. In both variants of design, the
generatrix of the cylindrical surface of cylindrical lens 11
runs parallel to the plane of arrangement of the p-n junction

of any of laser diodes 10.



20S/L = d/D where d is a spatial period of data layers in nultilayer
optical disc 1, and Dis a spatial period of |aser diodes 10 in the strip.
Figs 3, 4 show the variants of design of source 5 of radiation 25with

wavel ength A2 and respective variants of,arrangenent of cylindrical lens 11
inan illumnation systemw th a stabilizing circuit. Referring to Fig. 3,
the arrangenent of |aser diodes 10 in the strip is such that their p-n
junctions lie in the same plane, while and in Fig. 4 they are shown as
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i ndi vi dual |ayer being about 5 10mm A suggested source of radiation, 3,
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harnmonic. As a source 5 of radiation wth wavel ength A2, it is suggested to
useld strimpr-oft IS¥SEESHPEIEIUISA (P bfr afiade OPSDE 588V001- 200t (A2 = 0.556

um. It iSNavelengths, Al and A2, is a solid-state laser based on

crystal NdYVO,, with the radiation transformed into the third
(Al= 0.355 pm) harmonic. As a source 5 of radiation with
wavelength A2, it is suggested to use a strip of laser diodes

15 10 of grade FSDL-556-001-200t (A2 = 0.556 pm). It is
preferable to have the number of laser diodes 10 in a strip
equal to the number of layers of photochromic material in a
multilayer optical disc 1. A lens module with a large
numerical aperture and means for monitoring and control of the

20 spherical aberration is suggested to be used as focusing
system 4. It is suggested that the means 6 for positioning
focusing system 4 be designed as a controllable
electromagnetic suspension enabling lengthwise displacement of
one or more optical components of focusing system 4 along the

25 optical axis for selection of the signal photochromic layer of
multilayer disc 1 to be used for recording or reading
information. It would be also appropriate to make stabilizer
15 of the illumination system stabilizing circuit as a
controllable electromagnetic suspension. It is suggested to

30 use a dichroic mirror as spectrum splitter 7. It is also
suggested that second optical sensor 13 be made in the form of
a LED strip to be placed at optical distance L from the

focusing lens. The number of LEDs in a strip should be



preferable to have the nunber of |aser diodes 10 in a strip equal to the
nunber of |ayers of photochromc material in a nultilayer optical disc 1. A
I ens nodule with a large nunerical aperture and nmeans for nonitoring and
control of the 20spherical aberration ig,suggested to be used as focusing
system4. It is suggested that the neans 6 for positioning focusing system
4 be designed as a controll able el ectromagneti c suspensi on enabl i ng
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LEDs in a StTith 2 gp E‘Iedsﬁgon P GHefEahly 1équal to that of the layers of
photochrom c material in nultilayer optical disc 1. Wth all that, each

| aser diode 10 of source 5 of radiation with wavel ength A2 w il be
optically coupled with each | ayer of photochromc Smaterial in nmultilayer

optical diggandowt hreagh LERA i dhe strip of the second optical sensor
13. Enbodi nent of the Invention 10 The device as clained in the invention

opefétes in the followi ng manner. A nultil ayer optical disc, 1, is set,
wth use ofnposhilaninocSYShem 2 &R & RRslbanoBs IBYs be, rgqui red for

recording or reading information. In the recordl ng node,
following manner. A multilayer optical disc, 1, is set, with

use of positioning system 2, to a position as may be required
for recording or reading information. In the recording mode,

15 the radiation of source 3 having wavelength Al is directed via
spectrum splitter 7 to focusing system 4 whose position is set
by positioning means 6. Said means 6 enable positioning of the
focusing regions of the light beam having wavelength Al inside
multilayer optical disc 1 and adjustment of focusing system 4

20 for compensation of the spherical aberration. Information is
recorded by changing the optical properties of the
photochromic material in the photochromic layer selected for
recording. The reading of the recorded information is
performed by registering the fluorescence radiation having

25 wavelength A3, which is induced by the radiation with
wavelength A2, in the pixels of the photochromic material
layer that have been pre-illuminated with a radiation having
wavelength Al. Some part of the fluorescence radiation emitted
by these pixels enters the aperture of focusing system 4

30 whence it goes, via spectrum splitter 7, to the input of
optical sensor 8. From the output of optical sensor 8, the
signal goes to control unit 9 thus indicating that a bit of

information has been successfully read out. In the reading



15 the radiation of source 3 having wavel ength Al is directed via spectrum
splitter 7 to focusing system 4 whose position is set by positioning neans
6. Said nmeans 6 enabl e positioning of the focusing regions of the |ight
beam havi ng wavel ength Al inside nultilayer optical disc 1 and adjustnent
of focusing system 4 20for conpensation of the spherical aberration.
Information is recorded by changing the optical properties of the

phot ochr omiadarattérel gediiatite photvetnom davaper wsekeeredh f2o¢ Irsecor di ng. The
readi ng of ;i o] d_i i i rfarned - | ster] t he
fluoresceﬁ%gnggﬁggtﬁg% ﬁ23§%% WECEI%%gﬁﬁ %fgﬁmﬁp%thgéi%ﬁﬁ%g% by the

radi ati on Wmdusiwmaveékengih, ARy the tdiedepi kellsnofritheé) phot todw ami ¢ mat eri al

| ayer that ve been pre-illum nated wi.th a radiatjion havin vel ength Al.
Sore. part B rrE LGP ELCBhcilE ot Bt i OH orered by PRete B S o Biftors t he
aper bure oadiddeusinng systespdr3Owhence iviatgaeshovkapspectisummsplheter 7, to
the input of optical sensor 8. Fromthe output . of tical. sensor 8, the

S gnal " g0de 1 CEREFGPCUARt £6 FHS Il 65t Phg HERaf A B BIS | nf or mat | on has
been successfuddnyoneadiaytr &M dle: readimgptitdl- anpder . the: nadiiattiion of
source 5 having wavelength A2 is directed, via cylindrical lens 11, beam
splitter 1AIAY FGYGSERE ens AF55%D HHEUSRdERECYPRITIER IS SdrFaCe of

mul tilayercoptjiGaly dhseochhohhd S1LASe.ard) thecshihp ofctaser Rdiodes only
that source is activated whose position on the strip corresponds to the
posilfi on 0fhq e caddriéSs AbE eCpiiol ot MTonice | ®yereshl Al t $Peg ercB@mbieal di sc

1. The radiafion mﬁ%h@ﬁﬁ‘éﬁVﬁé eclf;‘%é§1 f%zf%%%%%s FiARoHgh ¢ he sider suface

i nside the given photochromc yer and, spreading therein, reaches 10t he
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13, the igngl oes_to_control _
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caused by uncontrol lablg displacerents of jTuitiple layer optica disc 1

the output of second optical sensor 13, caused by

uncontrollable displacements of multiple layer optical disc 1

20 during its positioning, is a command signal for activation of
the illumination system stabilizing circuit. As it is
activated, the signal from control unit 9 comes to stabilizer

1 which changes the position of focusing lens 12 in the

direction of displacement of multilayer optical disc 1.

25
The claimed device is markedly more efficient than the
prototype. This is due to the absence of the acousto-optic
modulator in the optical train of the illumination system and
reliable design of the reading beam addressing device which
30 comprises a stabilizing circuit with negative feedback.

When assessing the importance of the invention for industrial

application, the following factors should be pointed out: (a)



20during its positioning, is a command signal for activation of the
illumnation systemstabilizing circuit. As it is activated, the signal
fromcontrol unit 9 conmes to stabilizer 1 which changes the position of
focusing lens 12 in the direction of digplacenment of nmultilayer optical
disc 1. 25 The clained device is markedly nore efficient than the
prototype. This is due to the absence of the acousto-optic nodulator in the
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the recording/reading control system remain unchanged, while
10 manufacture of the claimed device, unlike its analogs, does
not require precision technologies for fabrication of the

medium.



51. A device for recording/reading information on a nultilayer optical
di sc, conprising an optical disc positioning system a source of radiation
wi th wavel ength A, a focusing system arranged such that its optical axis
is perpendicular to the flat surface of 4he nultilayer optical 10disc, a
source of radiation with wavel ength A2, an illum nation system arranged
such that its optical axis is perpendicular to the optical axis of the
focusi ng system focusing system positioning nmeans, a spectrumsplitter
| ocated betmgen the source of radiation with wavel ength Al 15and the
focusing system as well as a optical sensor optically coupled with the
focusing systemvia the spectrumsplitter, and a control unit electrically
coupled with the sources of radiation with wavel engths Al and A2, and the
optical sensor, wherein the source of radiation with 20wavel ength N2 is
desi gned as. aASth’ewﬁlc@f fbaSEécmdﬂﬁﬁ/r\Mmﬂagoﬁlhtﬁeainaai(@rs @t ea parlalillelyeand |ie
in the sane pl ane, ile the illum nation em corrprl S€S, conponent s
serially arraf§edc ﬂ@s?hec?fm]ijcsdlngafé)s Opéﬁ’ﬁ cOMPoOnRME - HEM i ng a
cylindrical |enstehich ksuass chla@t&hohhatlthhaa%g@@@ﬁatm xz0f its
cylindrical surface is parallel to the plane in which the p-n junctions of
the |aser di od€SUSrEY| §EateH, 2 FHATEISVGT éRgLanbs aO%FaTﬁJI 1254y 16i r cui t

conprising a %%?e%ahbmgf thatnd stisitt uat-ed bet weene the f ocuai Mg rersiand
the cylindrical a second optical 30sensor optically coupled with the

focd8i ng | ens Akis& -t Respeant spf i Tadratiand va tot apVpieeytieotpl éd with t he
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connected to the control unit device for recor di ng/ r eadi ng
i nformati on owemplenidiayéar optilded ditsicadf aeilla| At 1theher@iniray stvalbiem zer i s

designed in tQ%oﬂ%ﬁﬁhogyégeﬁ'§%§£é¥g%¥%§id%aig§p§”§£§ﬁkr&h splitter

located between the source of radiation with wavelength Al

15 and the focusing system, as well as a optical sensor
optically coupled with the focusing system via the spectrum
splitter, and a control unit electrically coupled with the
sources of radiation with wavelengths Al and A2, and the
optical sensor, wherein the source of radiation with

20 wavelength A2 is designed as a strip of laser diodes whose
optical axes are parallel and lie in the same plane, while
the illumination system comprises components serially
arranged along the optical axes, said components including
a cylindrical lens which is arranged such that the

25 generatrix of its cylindrical surface is parallel to the
plane in which the p-n junctions of the laser diodes are
located, a focusing lens and a stabilizing circuit
comprising a beam splitter that is situated between the
focusing lens and the cylindrical lens, a second optical

30 sensor optically coupled with the focusing lens via the
beam splitter, and a stabilizer coupled with the focusing
lens, said stabilizer and second optical sensor being

electrically connected to the control unit.



3. The device for recording/reading information on a nultilayer optical
disc of claiml, wherein a second optical sensor is designed in the form of
a strip of light emtting diodes. 10 4. The device for recording/reading
information on a nultilayer optical disggof claim1l, wherein a second
optical sensor is placed at an optical distance fromthe focusing |ens,
sai d di stance being equal to the optical 15distance fromthe focusing | ens
to the cylindrical |ens.

2. The device for recording/reading information on multilayer
optical disc of claim 1, wherein a stabilizer is designed

in the form of an electromagnetic suspension.

5
3. The device for recording/reading information on a
multilayer optical disc of claim 1, wherein a second
optical sensor 1is designed in the form of a strip of light
emitting diodes.
10

4. The device for recording/reading information on a
multilayer optical disc of claim 1, wherein a second
optical sensor is placed at an optical distance from the
focusing lens, said distance being equal to the optical

15 distance from the focusing lens to the cylindrical lens.



