-1- MJULTI LAYER OPTI CAL DI SC 5Pertinent art The invention is related to

t hr ee-di nensi onal optical nenory devices and it may be used in all conputer
fields where there is required to record large information files on conpact
10carriers. Prior art practice 15Wen creating nultilayer optical disks
with a large nunber of information |ayers, one of the main problens is
addressing the information |ayer duringla readout procedure. In prior-art
one-layer and two-layer optical disks, the reading radiation is furnished
to the information |ayer via flat surface of the 20di sk. However, if the

nunber of |ayers increases, t\WeLLrQeGH Jddtdcpiobkeas w th determ nation of
the nunber of information |ayer fromwhich the signal with recorded data is

received. This problemis solved by directing the reading radiation to a
speci al ducting |ayer |ocated near the disk addressabl e 25i nformation | ayer
via its lateral surface (cylindrical surface). Previously known is a

mul t Pl ayerPeoptiinealt dirsk (USA patent application No. 2008/ 0305324 Al,
publ i shed 11.12.2008, 332B 3017/10) including several information |ayers
separated fromone another by at |east two insulating | ayers made of

pol ymer s Viilteh idiviehérient i pechant €l tpriopert-idesenOnenaf ¢l caisuleatortyg | ayer s

devices and it may be used in all computer fields where there
is required to record large information files on compact

10 carriers.

Prior art practice

15 When creating multilayer optical disks with a large number of
information layers, one of the main problems is addressing the
information layer during a readout procedure. In prior-art
one-layer and two-layer optical disks, the reading radiation
is furnished to the information layer via flat surface of the

20 disk. However, if the number of layers increases, there occur
big problems with determination of the number of information
layer from which the signal with recorded data is received.
This problem is solved by directing the reading radiation to a
special ducting layer located near the disk addressable

25 information layer via its lateral surface (cylindrical

surface) .

Previously known is a multilayer optical disk (USA patent
application No. 2008/0305324 Al, published 11.12.2008, B32B

30 17/10) including several information layers separated from one
another by at least two insulating layers made of polymers with
different mechanical properties. One of the insulating layers

possesses an increased rigidity at the expense of a filler



possesses an increased rigidity at the expense of a filler -2- introduced
intoit, and its thickness is from5 to 15 um and the other possesses an

i ncreased elasticity and has a thickness of 10 to 50 pm The said structure
ensures excel |l ent nechanical properties of a nmultilayer optical disk,
nanmel y: deformational 5stability. However, this disk is not intended for
use in readout devices having high addréssi ng accuracy, since its structure

does not assune availability of a ducting |ayer and does not envi sage a
pOSS|b|I|tSPQﬂOdPﬁ??oH%E?r&fdlﬂ?drééélE@l?%ﬁﬁ%ﬁl%ﬁﬁfﬁP% Pt's0 | lat éal 2Bfr f ace.

10 Previously JeheWnphss@sdal tirl ayer-9ptd cala Hisk c(USApatent tNackA449278
52, published 11.11.2008, GL 1B 7/24) including groups of |ayers spaced in

seri es whetle l@ath §f oldip- é@ﬁ%ﬁ§ﬂ§-éﬁfvﬁﬁ%%ﬁlﬁﬂﬁﬂﬁ§s eheel oy mechenirayer
where under, $heettect Qfmulﬁrlel%'y@y 9P Wi h cﬁs"kavﬁafngwt ;liléaﬁortmﬁ‘% i 8nggcur

photochen1cal processes resulting in variation of optic properties of the
mat ebi al t3ﬂ§hldﬁ@ynaHWGWKhayémlﬁsd@@hposedﬁbﬁﬂtehéephﬁwbchmbnmnrbaveutthe

ref 1 ecti no,capall LGy ofp Ml e s Lncreasad under, bhe off ectof radiation

with a wave |l engt ayer ropagatlon
therein okkm&dm@tlaasuméfBV£ﬂNa%&lh999®ﬁ aﬁdu%ixa@dlameraduteﬂwmnhota
mul tilayer di.sk via its lateral The ta_ad reSS|QgﬁreI|ab| ity in

this di sk T8 fighef Phan tHa"Yof ]é%%?cdl% G PR i 1 TiiE ' PEadbut

node, theﬂﬁgt@@bkag.ﬁmﬁau&uon1c Iayer 25i sol ates the data receiver from
the_signals comng to it fromunderlying information |layers, but the
signals comng fromthe overlying non-addressable information | ayers can

still reacéketdl%ursqr_s/ew@wntbysarmwilrsg/etrh@pcﬂabalr@@Q@uwgzelﬂae@ﬂtitNy> 30A
mul til ayer tical disk (USA patent . 6045888, published 04.04.2000, B32B
3/00) is tWe&c?W@s@gt' 8HE %%h%%eljcﬂdl @&8 G1 1B’ 7/24) including groups

of layers spaced in series where each group consists of three
layers: the information layer where under the effect of

15 radiation with a wave length Al there occur photochemical
processes resulting in variation of optical properties of the
material the information layer is composed of; the
photochromic layer the reflecting capability of which is
increased under the effect of radiation with a wave length A2

20 and the ducting layer intended for propagation therein of
radiation with a wave length of A2 and introduced into a
multilayer disk via its lateral surface. The data addressing
reliability in this disk is higher than that of aforesaid analog
since in the readout mode, the reflecting photochromic layer

25 isolates the data receiver from the signals coming to it from
underlying information layers, but the signals coming from the
overlying non-addressable information layers can still reach

the receiver thus reducing the data readout reliability.

30 A multilayer optical disk (USA patent No. 6045888, published
04.04.2000, B32B 3/00) 1is the closest one to the claimed
invention by its technical essence, it consists of a series of

alternating layers of optically transparent materials combined



-3- into groups incorporating a |ayer of glass of 140 umin thickness with
a refraction index nl=1.515 encl osed between a polynmer with a refraction

i ndex n2 satisfying the interrelationship n2<nl and a | ayer of photochromc
material 5with a refraction index n3=1.47, which can change its optical
properties under the effect of radiation with a wave I ength Al and acquire
a property of fluorescenting under the -€f-fect of radiation with a wave
length A2 at a wave length A3. During the information readout, the

radi ati on ¥t % WRFe LFeRgRHr #PL0% 216aVPECt BP9t Rifts LAt ¥ 1 Ayer opti cal

di sk via itsidi@kesal;isyrd acraet@on 10adhe, ghassssunf aceq Pudagwavegui de
propagation of light in a glass,, an insignificant portion of radiation
power, onlBRlyyedetriates ther pHotGCRPEAE chmaadrisdly 1naf 6Rfati on | ayer in the

formof evanescent.Apden; heref ong, 15the. value of the skgnals. arfiving at
the radiation receiver at a wave |length A3 fromthose sections (pixels) of
t he gl ass-vddjoianinegrinf opmatidex hayer4’ whitchlrhwere ghevieusty ¢ptirdlnat ed by
radi ati on w wave_ l.eng j .ajpn i nf t biits, is
very smal IEL i SRR P A o PaR P P A MR e e &
reliabl e regl stocatirenaoproadray i oh AtucarewaeetiepgtthdA3, thidie 1 fatar alf

di nrensi ons of. pi.xels.in the photochrom.c | ayer plane should he i.ncreased,
Cna o AR, Tt ot e T vt Erve R ane e o el FaSer
opti cal diiskior2btEsseneadofit] mientizen ateechniveah sesitd Idreytat tai neent of
whi ch the cl ai nmed invention 30js striving for consists in increasing the

i nf oPmat | h-&agadi & SRLENBYnbt 13 Yy P TOptitc A1 Sdi ¥k wt th 21657l t aneous

surface, i.e., to the glass surface. During waveguide
propagation of light in a glass, an insignificant portion of
radiation power, only, penetrates the photochromic material
information layer in the form of evanescent mode. Therefore,

15 the value of the signals, arriving at the radiation receiver at
a wave length A3 from those sections (pixels) of the glass-
adjoining information layer, which were previously illuminated
by radiation with a wave length Al and which contain the
information bits, is very small. In order to increase the

20 signal-to-noise ratio and obtain a reliable registration of
radiation at a wave length A3, the lateral dimensions of pixels
in the photochromic layer plane should be increased, and this
results in a decrease of information capacity of the

multilayer optical disk.

25

Essence of invention

Technical result the attainment of which the claimed invention
30 is striving for consists in increasing the information

capacity of the multilayer optical disk with a simultaneous

increase of the recorded information readout reliability.



i ncrease of the recorded information readout reliability. -4- The said
technical result is obtained by the fact that in the nultilayer optical
disk including a series of alternating |layers of optically transparent
mat eri al s conbined into groups incorporating a ducting |ayer of materi al
with a refraction 5index of n |lying between the insulating | ayer of
material with a refraction index 02 sati4sfying the interrelationship n2<nl

and a |l ayer of photochromic material with a refraction index n3, the
refracti on ihdiddés t6F Hatet i BFs1of %%u99£%ﬂﬂ?ﬁgb§n8h?nf%ﬁ?mﬁh%ﬁ1qnaﬁéﬁs

satisfy thﬁﬂggﬂ%b%koep%ﬂéaﬂzéf§kQgiﬂikgn%e%'g@§le§r6%tglﬂ§9ﬁ%%§n8f

information layer d satisfies the condition 1 pm<d< 10
Besi des, tlryarisi @ﬁn@351@¢11hf?ﬁ%ﬁﬁHQﬁ¢mtaVéﬁeEﬂ§h§|%@mﬁ%ﬁQ4u§D$5C@ﬁ@PPﬁon 5

pm <I') < 100, PR, Bl deS, &JB%JH& 9598§Sopﬂndﬂg?¥a§tk99h|QY@&&@uﬁﬁBBSf'es the

condition 1 pm<5< 5 um 20The "'essence of Invention consists in the
f ol | 6w ng.infw @éluelminqamntmaaﬂ1Eﬂegnabuéatanmab@y¢mnqﬁlmaﬁ@nlgl with

Bi xel vol U S TP o e ahaaturE Ta e I T o eee ot S RE T atY At Pan i ces
of QUctlngim&n&ﬂlaﬁ @hdtbtbr@@}©rmuﬂq;uadfwnﬁhtbonefaqemnﬁﬁhmdbhenﬂult|Iayer

opti cal k do t exceed the cIa ned_val f Q.001 the wavegui de
Tode of ¢ HET SRIEAG 1 & SO e FREUALT ot R eAS G058 B pr opagat i n
t hese tmo_hayﬁm&tmbhhoyyeﬁ@ﬁgﬁﬂaﬁyOﬂhandnkQSﬁoas|hgqhheosongle ducting

Iayﬁr The intensity of waveguide node is in | arge excess over the
30i Pensity of evanescent node and, consequently, the

Besides, the thickness of information layer d satisfies the

condition 1 pm <d< 10 um.

Besides, the thickness of information layer D satisfies the

15 condition 5 pm <D< 100 um.

Besides, the thickness of insulating layer O satisfies the

condition 1 um <&< 5 um.

20 The essence of invention consists in the following. The value
of radiation signal at a wave length A3 is proportional to the
product of readout radiation at a wave length A2 by the pixel
volume. If the absolute value of difference of the refraction
indices of ducting material and its adjoining information layer

25 in the multilayer optical disk does not exceed the claimed value
of 0.001, then the waveguide mode of the reading radiation with
a wave length A2 does not propagate in these two layers without
deformation and loss as in the single ducting layer. The
intensity of waveguide mode is in large excess over the

30 intensity of evanescent mode and, consequently, the
fluorescent radiation signal value at a wave length A3 will be
considerably higher even 1f the pixel volume 1is decreased by

several times at the expense of decreasing its area in the



fluorescent radiation signal value at a wave length A3 will be considerably
hi gher even if the pixel volune is decreased by several tines at the
expense of decreasing its area in the -5- information |ayer plane. In other
words, the clained invention is expected to provide a simultaneous increase
of the recording density and reliability of the recorded information
readout. It should be noted that the infoormation |ayer thickness 5shall not

be chosen too large. The matter is that the photochromc material
refracti onHift@dd OPn LEHBT i At 21 %ﬁeﬁ§?e§n&OFﬁsthEh§t%&%9Wﬁ$éﬂd@@nﬁﬁﬁér t he

effect of radigldepawcbhpaowave 4 enghh Ahneang shigbily i ffgrent. In this
connection, as a result of recording the data, a |ight dissipation in the

10i nf or mattistPIEyer deneredsesd Thilshdy treStl ER¢ r efreerat Ronr i on
attenuat'qgﬁ&%ukheI%ayﬁgﬂhg§mﬁ%g%e8ftﬁg@q{ i%%@EQEEQQH ﬂﬁﬁg@kﬁﬁ%@ﬂess

absolute difference value of refraction indices of the ducting material and
i ts adjoi mihg li nbor hat ¢lorsdrayers leqaal Tloe Ma0GEri $srdbhlertisd gni fi cant .
Exceedance_ .of,_ t hi I il r in the fa t.the ide node
R e S T & e T o e e

hi gher: eidrherini nhthet diuectdhrgdeayendéi ntidict feasepft hadtd mioredriichvent i on

w Il be identical e prot.ot ). ar d.n the information layer (in this
case, opt EH® HEPEFBothet T c it e TorGRBCRE onft e T ASarrr Baute
di ssi pati oresand degradatktiongofhé heateadi ngghadbatsopdtidtief wescription of
drawing figures 25 The essence of invention is explained by the draw ngs
wher'8 shov&%“ﬁor?nﬁitd@l??%efhén%%’?%- Vitews BFYniEPR hy st %%’%/Ci'ré%ﬂtl&i“sk 1 with
focusing syst emt2nandibnf of Mkt o veadow ndevi ee 3cashow-ddi ftiign.2 are
typi cal absorption spectra of photochrom c 30material in the initial state

(solid |iné)e aild ERangaaC St BE e { HeRIfEFS iVid)ycundef© f e lefFedhdfrer adf at i on
wth a wavgd eRgthngl na@dd Al $e.dt hesT Ly 856eNaee rpREt TUM (dashedylk ne)
under the effect of ‘radiation with a wave |l ength A2; presented in Fig. 3
to 0.001 is rather significant. Exceedance of this value will
15 result in the fact that the waveguide mode will propagate in the
layer the material refraction index of which is higher: either
in the ducting layer (in this case, the claimed invention will
be identical to the prototype) or in the information layer (in
this case, optical heterogeneities of the photochromic material

20 will cause dissipation and degradation of the reading

radiation).

Brief description of drawing figures

25
The essence of invention 1s explained by the drawings where
shown in Fig. 1 is the general view of multilayer optical disk 1
with focusing system 2 and information readout device 3; shown
in Fig. 2 are typical absorption spectra of photochromic

30 material in the initial state (solid line) and changed state

(dashed 1line) under the effect of radiation with a wave length
Al, and also the fluorescence spectrum (dashed line) under the

effect of radiation with a wave length A2; presented in Fig. 3



-6- is multilayer optical disk plex 1 in section with ducting |ayers 4,
insulating layers 5, information |layers 6 and pixel 7 of information |ayer
6 interacting with the radi ati on wavegui de node having a wave length A2. 5
In the exanple of the invention best realization, ducting layer 4 with a

t hi ckness of 50 lamis made of polycarbonate with a refraction index
nl=1.5, insulating layer 5 of 2 |l amin téhickness is nmade of pol ynethyl
acrylate all oyed with 10spirobenzopyran having a refraction i ndex nl=1.5.
The sai d photdehrdAyernaPetFfal o tRic>stlaBPeSE6FHER $pih oPyfitdrdand

mer ocyani ng,yek-ansi thoni b om tihe st st EQEB%&Qti@@jﬁﬁﬁﬁﬂﬁ6f%h@‘%§x@@r7i?d
out under the effect of ultraviolet radiation. 15 Realization of invention
d ai mred mit iirdypemagpbircapydr sk I opacdtiey asthofhewsadiatidHe recordi ng

node, thexgéq; Lien bs.directed at 2 waveihength Al 20to focusing system 2
t hus provi inéﬁ?br gbsftioning of the Iight beam focusing fields at a wave

| engbh Al inside nmultilayer optical disk 1. Recording of information is
carried o c i.h e t] r rtie . hrgg . naterial in
infornatigﬁlﬁ%§ég§%%§é?e%Fe ?d%%%%ggfgfﬁﬁékl%egaégggggoht %ﬁle,

i nf or mat i dreyeeadouti ttewi tkilkuwksecis Gthemr adi atdenoatpal wevebdrengt WiAR to

ducting |l ayer 4 adjoining addressable infarmation |aye .. The wavegui de
tode 1 Chd Y RSl at TR | Hy o & 55 HORD GRUBRes STHe P adr eseal ¢
i nf or mat i cthilcayerssé ianlaes dhepol hertisildecri0akeght 1dued ivigcH ayer 4,

propagat es over 30specified ducting |ayer 4 and information |ayer 6, and
i nt ePact s SH I ARECpYX el s ebntGi hi ﬁﬂ%ElPﬁcb?gﬁﬁIﬁﬁﬂggnaTP%n?-%%e dat a

readout i sorpeid-arpRecbyatedist enisngwbhetbbuor eseent JAadicati-an ahqa wave
length A3 excited by radiation with a wave | ength A2
merocyanine. Transition from the first form to the second form

is carried out under the effect of ultraviolet radiation.

15

Realization of invention

Claimed multilayer optical disk 1 operates as follows. In the
recording mode, the radiation is directed at a wave length Al
20 to focusing system 2 thus providing for positioning of the
light beam focusing fields at a wave length Al inside
multilayer optical disk 1. Recording of information is carried
out by changing the optical properties of photochromic material
in information layer 6 selected for recording. In the readout
25 mode, information readout device 3 directs the radiation at a
wave length A2 to ducting layer 4 adjoining addressable
information layer 6. The waveguide mode limited by insulating
layers 5 adjacent on one side to addressable information layer 6
and on the other side, to light ducting layer 4, propagates over
30 specified ducting layer 4 and information layer 6, and interacts
with the pixels containing the recorded information. The data
readout is performed by registering the fluorescent radiation

at a wave length A3 excited by radiation with a wave length A2



-7- in those pixels of the information |ayer, which were previously
illumnated by the radiation with a wave length Al. The fl uorescent

radi ation emtted by these pixels partially gets into the aperture of
focusing system?2 and then, it 5arrives at the receiver input. The inventor
failed to disclose nmultilayer optical disks containing the adjoining
ducting and information |ayers with everned refraction indi ces anong the

solutions known in the 10scientific and technical publications, which is
i ndi cati ve-ofthasé Pagelenhat the %?ﬁRﬁﬁqgﬁ9nc69V§§poﬂﬂéc@dw%%% novel ty

criteriump Mk bhe i nameuesk ©f {4 s RRRReBGNw i ERes 6yd-& substkanthated a
sufficiency of essential features for attainment of the clainmed technical
resul t. 15'Mehdrvesesraiingathetivpomtidncs 6 theenat Porcivrramdwstyi al use,

it i's necessary o paLnt,out,thate produgtion of fhe glaimed multilayer

optical disk does not require application of "precise technologies as
di st Pnct famwmudse adnghegsec@bver ginltai ns 1. A nultilayer optical disk
consisting of a series of

The inventor failed to disclose multilayer optical disks
containing the adjoining ducting and information layers with
evened refraction indices among the solutions known in the

10 scientific and technical publications, which is indicative of
the fact that the invention corresponds to the novelty
criterium. Within the framework of this approach, there is
substantiated a sufficiency of essential features for attainment
of the claimed technical result.

15
When estimating the importance of invention for industrial
use, it is necessary to point out that production of the
claimed multilayer optical disk does not require application
of precise technologies as distinct from the analogs.

20



S5alternating |layers of optically transparent materials conbined into groups
i ncorporating a ducting |ayer of material with a refraction i ndex of ni
lying between the insulating |ayer of material with a refraction index n2
satisfying the interrelationship n2<nl and a | ayer of 10photochrom c
material with a refraction index n3, the refraction indices of materials of
the ducting and information |ayers sati$fy the condition In3-nll<0.001. The
mul tilayer optical disk according to claim1, 15characterized by that the

t hi ckness of information |ayer d satisfies the condition 1 pm<d< 10 um
The mul ti l@yamopti cal di sk according to claim1, characterized by that the
t hi ckness ©f information |ayer D 20satisfies the condition 5 pm <D< 100 pm
The nultilayer optical disk according to claim 1, characterized by that the

thickness of ixnsuhathngelaysrs S Sali Sl iesst e conek t ek pmyse< 5 pm 25

5 alternating layers of optically transparent materials
combined into groups incorporating a ducting layer of
material with a refraction index of n; lying between the
insulating layer of material with a refraction index n»
satisfying the interrelationship ny<n; and a layer of

10 photochromic material with a refraction index ns;, the
refraction indices of materials of the ducting and

information layers satisfy the condition |ns;-n;|<0.001.

2. The multilayer optical disk according to claim 1,
15 characterized by that the thickness of information layer d

satisfies the condition 1 um <d< 10 um.

3. The multilayer optical disk according to claim 1,
characterized by that the thickness of information layer D

20 satisfies the condition 5 um <D< 100 um.

4. The multilayer optical disk according to claim 1,
characterized by that the thickness of insulating layer o
satisfies the condition 1 um <6< 5 um.

25



