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BCTVII

IacTutyT mpobaem peectparii iHDopmanii HAH Ykpainu (IITPI HAHY)
cnelianizyeTbecs Ha (Qi3MIHMX MPUHLMIIAX Ta TEXHOJOTiSIX ONTUYHOIO 3a-
nucy iHdopmamii. ITTPI HAHY 06yB mepmum yKpaiHCBKUM HayKOBO-
TeXHIYHUM LIEHTPOM, SIKMI 3aIlpOIIOHYBaB MOIEIb JTOBIOCTPOKOBOTO
OINTUYHOTO 30epiraHHs HUGpPOBOI iHGbOpMalLil Ha creliaJbHUX MOHO-
KPUCTATIYHUX HOCISIX.

OCHOBHOIO METOIO AOCHiIKeHb IHCTUTYTY € po3poOKa ONTUYHOIO JTUCKA
IUIS JOBIOCTPOKOBOTO apXiBHOTO 30epiraHHs. 3arajJbHOBIIOMO, 1110 CyJacHi
ONTUYHI IUCKM HE MOXYThb 3a0e3MeUuTH HEeOOXiTHWI piBeHb HamiHOCTI
yepe3 HU3bKY CTIMKICTh MOJiKapOOHATHOI MiAKIaAKK Ta HEJAOCTATHIO aare-
3il0 10 MeTajieBoro 1mapy. byio moxkasaHo, 1o mMaTepiai MigKiaagKu TTOBU-
HeH OyTH XiMi4HO, TEpPMiYHO Ta MeXaHiYHO cTabiabHUM. OCHOBHUMU MpU-
YUHAMU BTpaTH JAHUX € T0sSBa Ha OCHOBI Ae(eKTiB OomaiiB, TaKUX SIK
LLIOPCTKICTh MOBEPXHi Ta IMOAPSIMNUHU; TOMY MiAKJIaaKa ONTUYHOTO AMCKa
MOBUHHA OyTM c(OpMOBaHaA 3 TBEPAOr0o MOHOKPMCTAJiYHOTO MaTepiay.
HapiiiHicTh OTpUMaHHS KiJIbKOX JaHUX BUMarae, o6 cepeaoBUIle OCHOBU
OyJ10 CTIAKMM 10 CBiTJIa Ta yabTpadiosieTOBOTO BUIIPOMiHIOBaHHS. IHIITMM
BOXJIMBUM (DaKTOPOM HAMITHOCTI € BMCOKa TEILIOMPOBIIHICTH OCHOBHU.
Byno mpoaeMOHCTpoOBaHO, IO HEOOCTATHSI TEILIONPOBITHICTh BUKIMKAE
JIOKaJli30oBaHe HarpiBaHHS i IPU3BOAMUTH A0 IOCTiiTHOI JHedopmalii Jucka.
Kpim Toro, nmiHiiiHUI KoedillieHT MiIKIagKu AuUcKa He MOBUHEH CYTTEBO
BiApi3HATHUCS Bil 3HaY€Hb JJIs 3aIIMCYIOUOro 11apy MeTay.

Hocainauku IHCTUTYTY 3alIpONOHYBAJIM BUKOPUCTOBYBATH MOHOKPUCTA-
JIIYHUM cangip gK MaTepiand IS MigKIagKy aucka. MoOHOKpUCTaTiYHUI
candip — HaWTBepHillIMii MaTepiall, a TEXHOJIOTiSI BUPOILYBaHHS MOTO
KPUCTaJIiB — II¢ TEXHOJIOTIYHMI Ta TOCTYITHUI mpouec. MacoBe BUpOOHU-
LITBO MOHOKPUCTAJIiB candipy CbOrofiHi OCBOEHO Y 0araThox KpaiHax CBITY.
Carnip BHUKOPUCTOBYETHCSI IS BUPOOHUIITBA CBITJIOMIONIB, 3aXMUCHUX
eKpaHiB mist cMapT¢OHiIB, ITIIOMIHATOPIB [Jig IMTiIBOIHUX YOBHIB Ta KOC-
MIYHMX KopabOmiB. 3acTocyBaHHS candipy AK MigKAagKu ISl OUCKIB ISt
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Bemyn

TpUBaJIoro 30epiraHHsg iH¢opMalii OyJ0 OYEeBUIHUM, ajie HasBHICTh
ONTUYHOI aHi30TpoIMii MOHOKpUCTaJa cardipa MepelIkoaKailo CTBOPEHHIO
u1dpoBOTOo ONTUYHOTO carndipoBoro arcka. OCHOBHUM HENONTiKOM BUKO-
pucTaHHs carndipiB € ONTUYHA aHi30TPOITisl, IKa BUKJIMKAE HEOOXiTHICThH
IHTErpyBaTH iHCTPYMEHTM IJIs1 KOMIIeHcallil abepaiiii. byno posrisiHyro
BIUIMB JBOIIPOMEHE3AIOMJICHHS Ha PO3MOIiI JIa3€PHOIO MPOMEeHs IIpu ¢o-
KYCYBaHHi Kpi3b OJHOBICHUN KpUCTaJd 3 ABOMPOMEHE3ATOMJIEHHSM, 11O
Ma€ BepTUKaJbHY Opi€HTAlliI0 ONTUYHOI oci. OTpUMaHO BUpa3 IS po3pa-
XYHKY TeOMETPUIHMX abepalliii c(hoKyCOBaHOTO Ja3epHOTO IIPOMEHS B MO-
HOKPUCTAIIUHIN MigKIani oNnTUYHOro aucka. JomyctuMi piBHI aHi30Tpo-
mii Oyau po3paxoBaHi Ui ONTUYHUX OUCKIB pi3HUX (opMaTiB, AUCKIB
JIOITYCTUMOI TOBIIMHU Pi3HUX (popMaTiB Ta MAKCUMAJIbHOI TOBIIMHU carici-
POBUX ONTUYHUX AUCKIB, Y IKMX HEMA€ 3HAYHUX CITOTBOPEHb CUTHAITY. Po3-
pob6sieHO MeTon KOMITeHcallii adepalliii mpy 34MTyBaHHI JaHUX 3 OJHOBIC-
HOTO KpHCTaay 3 IBOIIPOMEHE3aJIOMJICHHSIM. TakoxX OynIM po3paxoBaHi
OCHOBHI ITapaMeTpU CUCTEMU 3UUTYBaHHS IS carihipoBOro I1ucKa 3 BEPTHU-
KaJIbHOIO OIITUYHOIO Opi€HTaIli€elo oci. OTpUMaHO CTPYKTYPHi IapaMeTpu
ONTUYHOI JUCKOBOI candipoBoi MIKIagKA Ta KBaplloBOi KOMITEHCALilHOL
miacTuHu pizHuX ¢dopmatiB. [IpoBeneHa ekcriepuMeHTallbHA IlepeBipKa
MeTONy KOMIeHcalil abepalliii, sKa IloKasaja, 110 SIKiCTb 300paxKeHb,
OTPUMAHUX Yepe3 CKISIHY Ta carndipoBy IJIACTMHU 3 KOMIIEHcAIli€lo, Oyia
MMPaKTUYHO OJHAKOBOW0. TaKMM YMHOM, 3aCTOCYBaHHS KOMIICHCAIIiiTHOL
KBapII0BOI IJTACTUHHU HalaJjli T03BOJISIE 3UYUTYBATH iH(OPMALIiIO 3 ONITUIHO-
ro camngipoBoro aucka mis 36epexeHHs iHpopmaii. IPI HAHY pasom 3
Incruryrom MmonokpuctaniB HAH Ykpainu Bupimmnm 1o nmpo6iemy. B pe-
3yJIbTaTi OyB JOCSATHYTUI MPOPUB, SIKUI IOJISITaB Y IOIIYKY CIIOCO0Y KOM-
MeHcallil ONTUYHOI aHI30TPOIii MOHOKPUCTAIIYHOTO candipy Ta CTBOpEHHS
MEPIIOTo Y CBIiTi LIM(GPOBOTO ONTUYHOTO AMCKa 3 peabedoM Ha cardipoBiit
MiAKIAILI.



I. V. Gorbov, V. V. Petrov, A. A. Kryuchyn

USING ION BEAMS FOR CREATION
OF NANOSTRUCTURES ON THE SURFACE
OF HIGH-STABLE MATERIALS

Semiconductor Physics, Quantum Electronics & Optoelectronics.
2007.V. 10, Ne 1. P. 27-29.

Abstract. Main ion-beam etching techniques for creation of nanostructures on the
sur-face of high-stable materials have been considered. Methods of information
recording in the form of nanostructure on the metallic substrate surface have been
analyzed. Application of glass substrate for creation long-term data carrier was
proposed. Microrelief information record on the glass substrate surface was obtained
using the ion-beam etching.

Keywords: dry etching technique, ion-beam etching, reactive ion-beam etching,
high- stable material, nanostructure, glass substrate, long-term data carrier.

INTRODUCTION

Micro- and nano-structuring the surfaces is important for the production
of many com-ponents and systems such as gratings, diffractive optical
elements, data carriers, planar wave-guide devices. Although wet etching is
well developed for some of these applications, it has inherent limitations
caused by undercutting of mask materials, especially for micron and
submicron pattern sizes [1]. Dry etching techniques, on the other hand, can
generate anisotropic etch profiles and for this reason have come into favour.

The performance of recorded information in the form of microrelief
structure on the high-stable material substrate surface is one of the basic
approaches for the long-term data storage. Norsam Technologies Inc.
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realizes data recording on the nickel substrate surface in analog and digital
form [2]. The same data carrier is reliable but very expensive. Employ-ment
of inexpensive material (quartz, sapphire, silicon, glass) is more appropriate
in most cases of archive storage.

ANALYSIS OF ION-BEAM ETCHING TECHNIQUE

Most usually nanostructure creation on the substrate surface is realized by
the etching via a protective contact mask with preformed image. The contact
mask image size and type of the etching define dimensions of nanostructures.
The masks can be classified by three classes: organic polymer film masks
(photoresist, electron-beam resist and ion-beam resist), metal film masks
and inorganic or dielectric film masks (carbon, silicon dioxide and nitride)
[3]. Using the electron-beam and ion-beam resists allows to create a
preformed mask image with 50 nm resolution [4].

Data recording density increase causes a reduction of the structure
characteristic dimen-sions, for example, a track width of Blue-Ray Disc is
150 nm. The methods of etching with a highest resolution are those with
using the focused ion beams, especially ion beam etching and reactive ion
beam etching. The ion beam etching implicates substrate surface layer
removal by means of physical material sputtering by the inert gas energetic
ions that are chemically passive to the substrate materials.

The mechanism of material removal in reactive ion beam etching is rather
due to chemi-cal reaction between reactive particles and the substrate
material atoms than physical sput-tering [5]. Although many researchers
recognize that these two mechanisms are synergistic, i.e. the bombardment
catalyzes the surface chemical reactions. Thus, this method of etching is also
called chemically assisted ion beam etching.

But although widely developed for silicon dioxide (on silicon), as well as
to silica (quartz) glass substrates, there has been limited study of multi-
component silicate or phosphate glass. In the case of silicon dioxide (silica),
CF, and/or CHF; are commonly used dry etching gases because they
generate highly volatile SiF,, CO/CO, and H,O reaction products. Due to
[1] the net reaction in CF,, for example, is

SiO + CF - SiF + CO,.



Using ion beams for creation of nanostructures on the surface of high-stable materials

EXPERIMENTS AND RESULTS

The data layer in the form of
micropits was obtained on the glass
substrate surface using ion beam
etching (Fig. 1).

The method of data recording is
shown in Fig. 2.

On the glass substrate with a
positive photoresist layer, the data
recording laser beam was focused.
The ion-beam  etching was
performed via mask windows that
appeared in the photoresist layer
after selective etching.

Fig. 1. Microrelief structure of the data
layer on the glass substrate surface

| | Positive photoresist layer deposition

7 Data recording

Photoresist selective etching

Substrate ion-beam etching

Fig. 2. Data layer creation on the high-stable substrate

The photoresist film was firmly adherent to the glass substrates and could
not be re-moved in acetone or the commercial striping solution after the
etching process (presumably, due to some bombardment or electric field
induced interfaces reactions). Thus, it was neces-sary to use O, plasma to

remove the residual photoresist.

The scheme of ion beam etching system is shown in Fig. 3. The gas source
consists of two collars (8, 9) with bore on the top side. It is under dc voltage
2 kV. Inert gas (Ar) comes into it through the insulator 10. Plasma is
generated by glow discharge in the space between the gas source and
grounded electrode 7. The ion beam is extracted from it by means of

9
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Fig. 3. The scheme of the ion beam etching system: / — working part;
2 — electron emitter (tungsten filament); 3 — electron cloud; 4 — neutralized
ion beam; 5 — ion beam; 6 — focusing coil; 7— grounded electrode; & — alive
external gas source; 9 — alive internal gas source; /0 — insulator with gas
input; /7 — insulator; /2 — gas input

electrostatic field and focused using the coil 6. Ion beam consists of positive
charge particles 5 that cause formation of the surface charge on the working
part of the surface 1. It is insufficient for the ion beam etching of the metal
substrate, because a surface charge drains to grounded body. But stored
surface charge inhibits further etching of the dielectric working part.
Therefore, we used the tungsten filament 2 as an electron emitter to form an
electron cloud 3 for creation of neutralized ion beam 4.

10



Using ion beams for creation of nanostructures on the surface of high-stable materials

CONCLUSIONS

Using the ion beam allows to create a nanostructure on the high-stable
material surface. Nanostructure dimensions are defined by material masks
and image record methods. The ion-beam (and reactive ion-beam) etching
can be used for creation of long-term data carrier. The mentioned data
recording method is appropriable for other high-stable material substrates. It
is necessary to select a proper protective contact mask, operating gas mixture
and etching regime.
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B. B. Ilerpos, B. M. Ily3ukos, A. A. Kpiouun, 1. B. I'opoos

ONTUYECKHUE TNUCKHW I JOJITOBPEMEHHOI'O
XPAHEHHUA UHOOPMALIMA

Harnocucmemu, nanomamepianu, HaHOMEXHONORI].
2009. T. 7. Ne 3. C. 825-832.

PaccMoTpeHBl TEXHOJOTMM WM3TOTOBJEHMSI OINTUYECKUMX JMCKOBBIX HOCHUTENEH,
TpeTHa3HAYeHHBIX IS TOJITOBpeMEHHOT0 XpaHeHust nHdopmaruu. [TokazaHo, 4To
HCTIONBb30BaHUe cariUPOBHIX MOMIOXEK MTO3BOJISIET CO3MaTh HOCUTENN, Ha KOTOPBIX
MPOTHO3UPYEMBbIIl CPOK XpaHEHUs JAHHBIX COCTaBIISICT THICSYU JieT. PaccMOTpeHbI
Ccroco6nl (hopMUPOBAHUSI HAHOCTPYKTYPHOTO pesibedpa Ha MOBEPXHOCTU BBICOKO-
CcTaOMIbHBIX MaTepuayioB. [IpencraBaeHbl 3KCIepUMEHTAIbHBIE Pe3YIbTaThl UCCIIe-
TIOBaHUs Mpolecca 3anucy MHGOpMalUi Ha ONTUYECKUE NUCKU ¢ candUupOBbIMU
TTOIJIOKKAMM.

Po3misiHyTO TE€XHOJIOTii BUTOTOBIEHHST ONTUYHMX IMCKOBUX HOCIIB, SIKi MpU3HAYEHi
IUTSL TOBrOTepMiHOBOTO 30epiranHs iHdopmatii. [TokazaHo, 110 BUKOPHMCTaHHS
canipoBUX IMiIKIaA0K J03BOJISIE CTBOPUTU HOCII, Ha IKMX MPOTHO30BaHUI TEPMiH
30epiraHHsl JaHUX CTAHOBUTb TUCSYi POKiB. Po3risiHyTo ciocodu (popMyBaHHSI Ha-
HOCTPYKTYPHOTO peibe(y Ha MOBEPXHi BUCOKOCTaOUIbHUX MatepisiB. [Ipencras-
JICHO eKCIepUMEHTaIbHI pe3yJbTaTh JOCIIKEHb Mpoliecy 3amucy iHdopMaillii Ha
OITUYHI TMCKU 3 cari)ipOBUMM MiIKIaIKaMU.

Manufacture techniques of optical disc media for long-term data storage are
considered. As demonstrated, the use of sapphire substrates allows creating media
with the predicted data-storage term of thousands of years. Techniques for
nanostructured relief forming on high-stable material surface are studied.
Experimental results for process of data recording on optical disks with sapphire
substrates are presented.

KnioueBbie ciioBa: 101roBpeMeHHOE XpaHeHUe MHGOPMALUK, ONITUYECKHUE TUCKU,
candup, MIOHHO-JTy4eBOe TpaBJIeHKHEe, MUKPOpPETbed.
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Onmuueckue Oucku 0ns 001208PEMEHHOZ0 XPAHEHUS UHDOPMALUUL

BBEAEHUE

Onruyeckre CUCTEMbI 3anicu MHMopMaIuy 00j1agaloT OOIbIIUMU T10-
TEHLMAJIbHBIMU BO3MOXHOCTSIMU I10 OOECIEUEHUIO HAAeXKHOTO U JUIM-
TeJIbHOro XpaHeHuss mHdopmanuu. OgHaKo IJisg o0ecIieueHUsT BO3MOX-
HOCTM MAacCCOBOIO pAacIpOCTpaHeHUssT HHGOPMALUM Ha ONTHUYECKUX
HOCUTEJISIX OCHOBHOE BHUMaHWe ObUIO YAEIEHO CO3[aHUI0 TEXHOJOTUU
M3rOTOBJICHUSI MAELIEBBIX HOCUTENIE METOAOM WHXKEKIIMOHHOIO JIMThS
nojukapooHaTa. [TonmrMmepHbIe OMIOXKH ¢ pesibe(HOM MUKPOCTPYKTYpPOit
KCIIOJIB3YIOTCS BO BCEX THUIIAX KOMIIAaKT-AMCKoB. CHcTeMa pacmpocTpa-
HeHus MH(OpMaLMK Ha KOMIIAKT-IUCKAaX I03BOJISIET pacCMaTpUBaTh ee 1
KaK CUCTeEMY KOMITbIOTepHOro KHuroneyatanus [1, 2]. IIpu cozpanum tex-
HOJIOTUHU XPaHEHUS ¥ pacipocTpaHeHUsI MHGOPMAalMK Ha KOMITAKT-AUCKaX
He CTaBMJIACh 3aJaya CO3JAaHMS Ha MX OCHOBE CHUCTEM JIOJITOBPEMEHHOIO
XpaHeHus1 nHopManuu. [IpoBeaeHHbIE MHOTOYKCICHHbBIE MCC/IEIOBAHMS
MO3BOJIMJIN YCTAHOBUTH IMPUUMHBI JOCTAaTOYHO OBICTPOIO BBIXOIA U3 CTPOSI
KOMIIAKT-IUCKOB, 8 UMEHHO:

— MCEXaHMNYCCKUEC IMOBPECAKICHUA HOBGpXHOCTeﬁ KOMITaKT-JIHUCKOB;

— OTCJIOCHUE OTPAXAIOLIEr0 METAJUIMYECKOTO CJI0SI OT IMOMIOXKU
C MUKpPOPEIbe(PHO CTPYKTYPOIA;

— nedopmaliys TOBEPXHOCTH KOMITAKT-IUCKOB TP MHOTOKPATHBIX
CUUTHIBAHUSX;

— MOBPEXIEHUS MOJIMKAPOOHATHOM IMOMTOXKA MUKPOOPTaHN3MaMMU.

B ¢Bs131 ¢ NIporHo3upyeMbIM IIMPOKUM MCITOJIb30BaHMeM bb-kommakr-
JIHCKOB CYIIIECTBEHHOE BHUMAHUE YAEJISICTCS MOBBIIIEHUIO UX CPOKA CITyXK-
Obl. B mepBylo ouyepenb, paccMaTpUBaeTCsI BO3MOXHOCTb IIPUMEHEHMS 3a-
LIIMTHBIX ~CJIOEB, IIPEJOTBPAILAIOIIMX MEXaHUYeCKHe IIOBPEXKICHUS
HocuTenst uHgopMauuu [3].

Llenp HacTosIelh pabOThl — MOJyYeHME HaHOpa3MepHOro MHdopMa-
LIMOHHOIO peJibepa Ha IMOBEPXHOCTU BBICOKOCTAOWJIBHBIX MaTE€pUajoB U
pa3paboTKa Ha MX OCHOBE ONTMYECKUX HOCHUTEJIEi, Y KOTOPBIX IIPOrHO-
3UpPYeMBbIii CPOK XpaHEHUS JaHHBIX IIPEBHIIIACT ThICSYY JIET.
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B. B. [lempos, B. M. IIysuxos, A. A. Kprouun, U. B. Top6os

AHAJIN3 XAPAKTEPUCTHUK OIITUYECKUX INCKOB,
NCIOJIb3YEMbBIX AJIA AOJTOBPEMEHHOI'O XPAHEHHA
NHOOPMALINN

st peleHusI po0JIeMbl JUIMTEIbHOTO XpaHEeHUs] JaHHbIX IIpeaIaraeTcs
HCIOJIb30BaTh CIICLIMATIbHBIC ONTUYECKUE TUCKM, KOTOPhIE IOJIYYMId Ha-
3BaHUe NPOhEeCCUOHANBHBIX (Ta0I. 1).

OCHOBHbIE OTIMYMS MPODECCUOHANBHBIX ONTUYECKUX AUCKOB OT IO-
TPeOUTETBCKIX KOMITAKT-IUCKOB COCTOSIT B TOM, UTO JJISI 3aIIMTHI OT MeXa-
HUYECKHUX ITOBPEXKICHUI U 3arpsA3HEHMII UCIIOJIb3YIOTCS CIIELIMaIbHbIE Tep-
METUYHBIC KOHTECHHEphI, IJId YMEHbIIECHUSI BPEMEHU IIPOU3BOJILHOIO
JIocTyna K MH(OpMaLUKY OHA 3allMChIBAETCS HA KOHLIEHTPUYECKMX JTOPOXK-
Kax (B OTJIMYME OT KOMIIAKT-IUCKOB, B KOTOPBIX UCITOJIb3YeTCsI CIIMpPabHast
nopoxkka). B mpodeccrnoHanbHBIX ONTUYECKUX AUCKAX MCIOJNb3YeTCs pe-
xkuM pabotei WORM. B kauecTBe Marepuana MOMJIOXKU MPUMEHSIOTCS
CIleliMaIbHbIe TUIIBI CWJIMKATHOIO CTeksa. HauGoJbliuii CpoK XpaHEHUS
JMaHHBIX MPU UCITOJb30BaHUM pexknMa 3anucu WORM obecrieunBalor pe-
TUCTpUPYIOIIMe MaTepralibl ¢ HeoOpaTUMBIMU (pa30BBIMU TIepexonamu [4].

IIpenenbHble CPOKU XpaHEHUs JAHHBIX IUISI HOCUTENIel, nHbopMalys Ha
KOTOPBIX 3alllcaHa B BUIE€ MMKPOpEIbedHONU CTPYKTYPBI, ONPEACISIOTCS

Ta6nuua 1. XapakrepucTHKH NPo¢eCCHOHATBHBIX ONITHYECKUX HOCHTE e
IS I0JITOBPEMEHHOT0 XpaHeH!s1 HH(popMaIuu

Tun HocuTenst PED
(rpodheccuo- UDO1 | UDO2

XapakTepuCcTUKU HaJIbHBIN IMCK)
Ewmxocts, [GaiiT 23 30 60
duameTp, MM 120 130 130
JmHa BOJIHBI JJa3epa CUMThIBAHUS, HM 405 405 405
Ckopoctb (1x) cuutbiBanus, Mout/c 88 80 80
Cxkopocrts (1x) 3anmucu, Mout/c 72 80 80
Yucnosas anepTypa (pOKyCHUpYIOLIEro 0.85 0.85 0.85
00BEKTUBA
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BpeMeHeM M3MeHeHUs (popMbl yIIyOjaeHuit (IMUTOB) Ha MX IMOBEPXHOCTU.
O4YeBUAHO, YTO IPEBBIIICHUST TEMIIEPATyphbl Hall 3HAYCHUEM TeMIIEPaTyphl
IUIaBJICHUS MaTepuaJa MOMIOXKY IIPUBEIYT K ITOTepe 3alrcaHHoi NHDOP-
Manuu. MaKCHMaJbHBIA CPOK XpaHeHMS MH(GOpPMAlMM Ha ONTHUYECKUX
HOCHUTEJISIX MOXET OBbITh OlLIeHEH U3 ypaBHeHUs1 Ditpunra [5]. Torma coot-
HOILICHUE TIPENeNbHBIX CPOKOB XPaHEHUSI HAHHBIX #, U f, HA HOCHUTEISIX C
pasHbIMM 3HAYEHUSIMM TeMIIEpaTyphbl IUIABICHUSI MaTepuaia IOMIOXKHU

T, u T,,, MOXHO BBIPa3UTh CIACOYIOLIUM 06pa3oM [6]:

B Trm2
T

il

1,/t, = exp

ITo pa3anyHBIM OIIEHKAaM, OCHOBAaHHBIM Ha YCKOPEHHOM HCKYCCTBEH-
HOM CTap€HUM HOCUTEJIEM, MAKCUMAaJIbHbBIM ITPOrHO3UPYEMbIA CPOK CIIyXK-
ObI CTAaHIAPTHBIX TTOJUKAPOOHATHBIX KOMIAKT-IMCKOB cOCTaBlsieT oT 20 10
50 JleT ¥ 3aBUCHUT OT ycJIoBHIT XpaHeHUs (Tabi. 2). [TosTomy B ciydae mc-
MOJIb30BaHUS ONTUYECKUX AUCKOB IUISI HOJTOBPEMEHHOIO XpaHEHUsSI WH-
¢dopMall OHM JTOJIKHBI COAEPKATHCS B OMpPENEICHHBIX KIMMATUISCKUX
yeiaoBusix (temmepatypa 20 °C, oTHocuTeabHast BiaaxHocTb 40 % ) [7]. D10
TpedyeT cepbe3HbIX MaTePUAaIbHBIX 3aTPaT KaK Ha CO3MaHMe TaKUX XpaHU-
JINII, TaK ¥ Ha TIOAIepKaHUE UX paOOTHI.

Ta6uiia 2. CpoK XpaHeHHs JAHHBIX HA HOCUTEJISX C PA3HBIMU MaTepHaJaMU
MOJIOKKH

CpoK XpaHeHUsI JaH-
Marepia momIoxK Temneparypa HBIX OTHOCHTENILHO Cpok
miasienus, K KOMIIAKT-IUCKOB XpaHEHMS, JIET
U3 TIONMKapOoHaTa
IMonukapboHat 523 1 ~20
Harpuesoe cTekiio 923 el30=39] ~ 80
Curasn 1696 eh00 = 5478 ~ 1100
KBapiieBoe crekiio 1986 e+ = 140,94 ~2900
Carnpup 2318 et:13=45773 ~ 9000
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HaneceHue nmo3utuBHoOro ¢poTo-
pe3ucTta Ha cangupOBYIO MOUTOXKY

3anuch JaHHBIX Ha CTAHLIMU
JIa3epHOM 3amucu

CenexTuBHOE TpaByieHHe (HOTO-
pesucra u TepMuieckast o0opaboTka

HMoHHoe TpaBiaeHue candupoBoit
TOUTOKKHI

VYnaneHue octaTkoB (pOTOPE3NCTA

Mertannu3zanust IIOBEPXHOCTU

HaHeceHue 3allIUTHOTO CJI0st

Puc. 1. Cxema mporiecca U3TOTOBICHUST ONTUYECKOTO HOCUTEJIST IS IOJITO-
Bpe-MEHHOTO XpaHeHUsI JaHHBIX [§, 9]: ] — moanoxka; 2 — cJIoli MO3UTUB-
Horo ¢orope3ucra; 3 — cHOKYCUPOBAHHBII JIa3epHbI JIyd; 4 — OKHO
B ciioe hOTOPEe3UCTa; 5 — MOHHBIN MyY0K; 6 — METATUYECKUIA OTpaxaro-
LU CJI0i1; 7 — CJIOi 3allMTHOTO JaKa
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Hcnonb3oBaHue candupa mo3BOJISET CO3AaTh ONTUYECKUE HOCUTEIU CO
cpokoM xpaHeHMs1 0ojiee 9000 yeT. YHuKanbHBIE (DM3MYECKHE CBOICTBa
camcdupa, ero MexaHuJeckKasi 1 XUMUIECKass CTOMKOCTb, IMO3BOJISIOT Xpa-
HUTb UX B JIIOOBIX YCIOBUSIX, HEe OECIIOKOSICh 32 BO3MOXKHBIE ITOBPEXKICHUS
HOCHUTEJISI B ciydae Ioxapa, HaBOTHEHUS WU XMMUYECKOIO 3arps3HEHMS
Tepputopun XxpaHuiuina. OnHako 6jaromapsi 3TUM e JOCTOMHCTBAM J0-
CTaTOYHO CJIOXHO 3amnucarh WHGOPMAIUIO Ha MOBEPXHOCTh carndupoBOro
nucka. JIomoJHUTeIbHOe MPEUMYILEeCTBO MCIOJb30BaHUS MOHOKPUCTAJI-
JIMYECKUX OIOKEK COCTOUT B TOM, UTO IO CPAaBHEHUIO C MOMIOXKAMHU U3
MHOTOKOMITIOHEHTHBIX MaTepHUaioB, TaKMX KaK CHJIMKATHBIE (OOpOCHIIM-
KaTHBIE) CTEKJIa, OHU OOECIIeYMBAIOT BO3MOXKHOCTb IOJYYEHUSI MUKPO-
penbeHBIX CTPYKTYP ¢ OOJIbIICH pa3pelialeii CoCOOHOCTHIO.

SANIMCb UHOOPMALIMN HA OITTUYECKUE JUCKU
C CAITI®NPOBLIMMU IMOATTOXKKAMMU

IIpouecc 3anucy MHbOPMALMKA Ha ONTUYECKME HOCUTEIU IS IOJITO-
BPEMEHHOTO XpaHEHHUsI JaHHBIX COCTOUT U3 Psiia TEXHOJIOIMYECKUX OIlepa-
LM, KOTOpbIE MCIOJB3YIOTCS IIPU IMPOMU3BOICTBE AMCKOB-OPUTMHAIOB
¢doTope3rucTUBHBIM MeTonoM. Ha cangupoByio MOmIOKKY METOIOM LieH-
TpU(PYrupoBaHKsI HAHOCUTCS CJIOM ITO3UTUBHOIO (hOTOPE3UCTa, Ha KOTO-
pBIii Ha CTAaHIIUM JIa3epHOU 3alKUCU C(POKYCMPOBAaHHBIM JIyYOM 3aIlChIBA-
ercs nHgopMmauus (puc. 1).

ITocne ceneXTUBHOrO XMMUYECKOT0 TpaBJeHUs B cioe (hoTope3ncTa 00-
pasyloTcsl OKHa, CKBO3b KOTOpPbIE OCYILIECTBIISIETCS TpaBjieHUe cardupa.
B mpoliecce M3roroBiaeHuss ONTUYECKUX HOCUTENICH IJIs1 TOJITOBPEMEHHOIO
XpaHEeHUsI JaHHBIX, B OTIMYKME OT MPOLIECCa U3TOTOBICHUST TUCKOB-OPUTH-
HaJIOB, HEOOXOIMMO MCITOIb30BaTh CJI0M (DOTOPE3KCTA OOJIBIION TOMIITHUHEI.
TonmuHa caost GOTOPE3UCTa OMpeAeisIeTCsl U3 COOTHOIIEHUsT CKOPOCTEi
TpaBiaeHus candupa u ¢dorope3ucta. s MmosydeHUs] MUTOB TIIYOMHOM
(100-120) HM Ha TOBEPXHOCTH can(UPOBOIi MOIJTOKKHU TOJIIMHA CI0sT (o-
Tope3ucta Shipley 1813 (KoTopblil Yallle BCEro MCIOIb3YyeTCsl B IIpolecce
U3TOTOBJIEHUST KOMIAKT-IUCKOB) cocTapiisieT okosio 200 HM. OTMeTUM, 4TO
M3-3a TOTO, YTO TTOKa3aTesIb IpeoMIeHUs cardupa coctapiseT 1,77 (B oT-
Juaue ot 1,58 y monmukapboHata), Ijid coxpaHeHUs! pa3Mepa chOKyCUpo-
BaHHOIO IIITHA Ha ITOBEPXHOCTU MHGOPMALIMOHHOTO CJI0SI I COOTBETCTBUS
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crangapty CD TommuHa candgupoBOro IMcKa J0KHA ObITh 1 MM (TOMIIM-
Ha MOJIMKapOOHATHOTO KOMMAaKT-aucka — 1,2 MM).

Tak kak candup xapakTepu3yeTcss BBICOKOM CTOMKOCTBIO K XUMUYECKHU
aKTUBHBIM BeIlIECTBaM, IIOJIYYUTh peiabed Ha ero IOBEPXHOCTH XH-
MUYECKUM CIIOCOO0M HeBO3MOXHO. K ToMy ke, XUMUUYeCKUii crtocob TpaB-
JICHUSI HE TIO3BOJISIET MOJIydaTh CTPYKTYpPBI C pa3pelieHrueM MeHee 1 MKM,
YTO HEJOCTATOYHO IS 3aNIMcU MH(MOPMALIMK Ha ONITUYEeCKHe HocuTenu [8].
g cpaBHeHus, mmpuHa nmurta B ¢popmare CD coctaBnger 500 um, DVD —
320 M, a BD — 220 amM.

IMonyunuth HEOOXOAUMBIN MUKpPOpPEIbed Ha MOBEPXHOCTU canlpUPOBOTO
JIMCKa MOXHO IyTeM TpaBJEHMS C MCIOJIb30BaHMEM HM3KOTEMIIepaTypHOil
razopaspsiiHOi IIa3Mbl, 8 UMEHHO C IOMOIIbIO MOHHOJYYEBOIO TpaBJie-
HUS, KOTOPOE MO3BOJISET MOJYydaTh CTPYKTYPHI ITUPUHOMI 10 50 HM.

H7s1 3KCcIeprMEeHTaIbHBIX UCCeAOBaHMI Mpoliecca (opMUpPOBaHUS pe-
JIbeda Ha MOBEPXHOCTHU call(UpOBBIX AMCKOB ObUIa BhIOpaHa BaKyyMHast
ycraHoBka BY-1A. BakyymHasi kKamepa BBIOpaHHOIN YCTAaHOBKHU MO3BOJISIET
3 GEKTUBHO PACIIOIOXUTh UCTOUHUK MOHOB M 00pabaThIBaeMYIO ITOLIOXK-
Ky, a CUCTeMa OTKAauK{ ITO3BOJISIET IMOJYYUTh HEOOXOMMMBIN BakyyM. JList
(GOpMUPOBAHUST MOHHOTO ITyYKa MCITOJIb30BaiCsa UCTOYHMK noHoB MOH-2,
HaJIM9KE XOJIOMHOTO KaToJa B KOTOPOM IO3BOJISIET ITOJyJaTh MOHBI pa3Ind-
HBIX CMeCeil aKTUBHBIX M pEaKTUBHBIX Ta30B.

AHanu3 pa3IMUYHBIX Ta30BBIX CMeECeil TToKasall, YTo ISl TpaBJICHUS call-
¢HpoBOIi TTOMIOKKM B KaUueCTBEe pabovero rasa 1ejiecooopa3Ho MCIOJIb30-
Batb ra3 CF, ¢ pasnuuHoii napuuanbHOil cocrapisouleil aprona. Makcu-
MaJibHasA IUIOTHOCTh HMOHHOTO TOKa B YCTOMYMBOM peXHME padOTHI
HMCTOYHHUKA cocTaBiasiia 10 MA/cM2, 9YTO COOTBETCTBOBAIO CKOPOCTH TPaB-
JeHus: 5 HM/MuUH. TakuM o0pa3oM Ha IOBEPXHOCTU carupOBOro AMcKa
OBLT TTOJTydeH MH(MOPMALIMOHHBIN penbed, MaKcMMaibHasl TIyOuHa KOTO-
poro cocTasysia 95 HM, a CTPYKTypa MOJHOCTBIO COOTBETCTBOBajA (hopma-
Ty TIpEACTAaBICHMS TaHHBIX Ha CTAHAAPTHOM KOMITaKT-IHUCKe (puc. 2).

B pesynbrate mpoBeNeHHBIX UCCIENOBAaHUN Ha MOBEPXHOCTh cardu-
pPOBOro IKCKa ObLIA 3amucaHa WHGopMaLUs ¢ TUIOTHOCTEIO 65,1 MB/cM? B
dopmate CD, a Takke ObUTa ITOKa3aHa BO3MOXHOCThb 3allUCU JAHHBIX C
6omblIeit moTHOCThIO B popmatax DVD u BD. B kauecTBe oTpaxaroiiero
CJI0S1 MICITOJTb30BAJIMCH HE TOJIBKO IUICHKU aJIOMUHMS, KOTOPBIE TPaTULIM-
OHHO TIPUMEHSIIOTCS TIPY IMIPOU3BOJCTBE ONTUYECKUX TUCKOB, HO U TUICHKU
HMKEJSI, XapaKTEepU3YIOIIMECSI BBICOKOM MEXAaHMYECKOU M XUMHUYECKOM
CTOMKOCTBIO.

18



Onmuueckue ducku 0nst 001208PeMEHH020 XPAHEHUS UHDOPMAUUU
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L 761.72 nm
RMS 15.770 rim
Te v
rRa{lc) 9.734 rm
Rmax 46.262 nm
Rz 45.884 nm
Rz Ent 2
Radius 1.532 um
Sigma 5.099 nm
Surface distance 602.70 nm
Horiz distance(L) 585.94 nm
vert distance 95.010 nm
Angle 9.210
surface distance 774.78 nm
Horiz distance 761.72 nm
Vert distance 5.302 nm
Angle 0.399
Surface distance
Horiz distance
vert distance
Angle
spectral period pC
Spectral freq 0 /um
Spectral RMS amp 4.788 nm

Puc. 2. UuopmatimoHHBI penbed Ha TOBEPXHOCTU CarihpOBOTO ONITUIECKOTO

aucKa

BbBIBOJIbI

Hnst u3roroBieHus MpodecCUOHANBHBIX ONTUYECKUX AUCKOB, IMpEd-
Ha3HAYEHHbBIX Il TJIMTEJILHOIO XpaHeHUs] MHMOpMaLKU, 1LIeJIeco00pa3Ho
KCIIOJIb30BaTh MOIJI0KKH, U3TOTOBJICHHbBIE 13 BHICOKOCTAOMIIBHBIX MATEPH -
ajoB. [Ipu U3roTOBACHUM ONTUYECKUX HOCUTEIICH, 3allUCh JaHHBIX HA KO-
Topble MpousBoauTcs B popmare BD Hocureneit, MOTYT IpUMEHSITLCS TTOA -
JIOXKKM M3 KpeMHUs U candupa.

3anuch nHGOpMAIIUKM B BUAEC MUKPOPEIbeMHBIX CTPYKTYP Ha HOCUTEIN
C MOMJI0XKAMU U3 BEICOKOCTAOMIBHBIX MATEPHAIOB MOXET IIPOM3BOAUTHCS
Ha CTaHLIMY JIa3ePHOI1 3alMCHU TUCKOB-OPUTMHAJIOB C IMOCICAYIOIINM I11a3-
MOXMMUWYECKUM TPaBJICHUEM ITOMIOXKH.
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[ToBbIlIeHNIO HAAEXKHOCTU XpaHEHMSI MHGOPMAIIMA Ha ONTHYECKUX

HOCHUTEJISIX, TOMIOXKHA KOTOPBIX BBIIIOJHEHBI M3 BBICOKOCTAOMIBHBIX
HEOpraHMYEeCKNX MaTepHUajoB, CIIOCOOCTBYET IPMMEHEHUE OTpPasKaroIlux
MMOKPHITUI U3 BEICOKOTEMIIEPATYPHBIX OKCUIHBIX MaTepHAJIOB.
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HIGH-DENSITY OPTICAL DISKS
FOR LONG-TERM INFORMATION STORAGE

Abstract Book “22nd General Congress of the International Commission for
Optics” (ICO-22) /Ed. Ramon Rodriguez-Vera (CIO), Rufino Diaz- Uribe
(CCADET-UNAM). 15-19 August 2011. Puebla, Mexico. P.260-261.

Abstract. Optical discs are widely used for storage of archival data represented in a
digital form. Long-term storage of information recorded on standard CDs is provided
by periodical rewriting (once in 3-5 years) on the new carriers. High-stable light-
sensitive materials and special reflective metal coatings are proposed to use for
increasing the information storage terms of the optical discs. The conducted
researches have showed that the application of vitreous chalcogenide semiconductors
in optical WORM discs assures the data storage terms up to 30 years. Substantially
larger terms of data storage can be realized on the optical ROM carriers. Attainment
of the guaranteed data storage terms within several hundreds years is provided in such
carriers by applying high-stable materials substrates and information should be
represented in the form of a micro-relief structure on the substrate surface. Sapphire,
quartz, silicon, glass-ceramics and other materials can be utilized for manufacturing
substrates of optical BD discs (and other subsequent high-density disc formats).
These materials allow creating substrates characterized with increased melting
temperature, chemical and mechanical resistance. Furthermore, using the mentioned
materials for substrates production permits applying high temperature materials, such
as chrome and nickel, to creation of high-stable refractive layers and demonstrating
the sufficient mechanical adhesion between the refractive layer and the substrate.
Modern methods of thermo-lithography offers creating of nano-size images on
photo-resist layer deposited on the substrates. Those images can be transformed to
the nano-size relief structures on the surface of the high-stable materials substrates by
techniques of reactive ion-beam etching.

Keywords: long-term data storage, optical carrier, ion-beam etching, micro-relief,
sapphire, chalcogenide vitreous semiconductor
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1. INTRODUCTION

Optical media have sufficient potential for building a reliable long-term
data storage system. Optical discs are quite resistant against effects both
electromagnetic fields and high humidity. Moreover, the contactless reading
process guarantees undamaging multiple information play-back. Never-
theless, in the process of realization of large-scale information dissemination
on optical discs, the main attention was focused on creation of a cheap
manufacturing technique based on the polycarbonate injection molding. The
polymeric substrates with relief microstructure are applied in all types of
optical discs. The data distribution system based on CD allows considering it
as a system of computer typography. At the same time, the problem of the
long-term data storage system was not an actual goal when the CD
manufacturing technique was under development. The study of optical disc
lifetime demonstrated that the main reasons of sufficiently fast failure are as
follows:

* mechanical damage of optical disc surface;

« separation of the reflective metallic layer from the substrate;

+ deformation of optical disk surface by repeated playback;

» damage of the polycarbonate substrate by microorganisms.

In relation to predicted wide applications of Blu-ray discs (BD), their
longevity is a subject of a great interest. The availability of protecting
coatings for prevention from mechanical damages has to be studied first of
all.

The WORM media based on high-stable inorganic light-sensitive ma-
terials ensure maximal reliability and storage terms among other information
optical carriers. The greater reliability can be realized by the optical media
where storage unit (or even track) is represented as a relief on the surface of
high-stable inorganic material.

This work is aimed at the study of properties of recorded WORM carriers
after long-term storage in severe environment. The other goal of the article is
possible ways in obtaining information nanostructures created on the high-
stable material surface and development optical media with predicted data
storage terms exceeding 1000 years.
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2. ANALYSIS OF RECORDING MATERIALS FOR WORM DISCS
UTILIZED FOR LONG-TERM DATA STORAGE

The high reliability of data storage given by the WORM type optical disc
was provided due to the recording method based on photo-thermal
destruction of absorbing layer (ablation recording). Almost for thirty years of
investigations devoted to registering media for optical discs with single-stage
recording, there were offered many various types of registering media mainly
founded on organic dyes, semiconductor materials and multi-layer metal
alloys. The accomplished investigations demonstrated that the highest
reliability of data storage takes place with the photo-thermal recording
methods grounded on local destruction of the absorbing layer (i.e., ablation
recording methods) as well as on registering media with creation of thermo-
stimulated tips caused by melting metallic films [1-4]. In recent years, some
interesting ideas were proposed to utilize the optical carriers made in
accordance with the ablation recording method for long-term data storage
with application of new light-absorbing materials [5]. Many attempts were
fulfilled for estimation of the data storage terms of the WORM type optical
carriers, and some accelerated tests to determine these terms were
performed. But it seems reasonable to analyze changes in optical carrier
performances under conditions of long-term storage. In this connection the
properties investigations of the optical carriers, having written 25 years ago
by means of the ablation method, have been accomplished by us.

For a long time, tellurium alloys were widely applied to create registering
media for the WORM type optical carriers [1, 2, 6, 7]. The choice of these
materials was dictated by the fact that thin films of the tellurium alloys
possess low thermal conductivity and low melting temperature. This circum-
stance provides high resolution of registering media based on the tellurium
vitreous alloys (minimum size of recorded pits is close to 0.3—0.5 um) as well
as the possibility to record information with low-powered semiconductor
lasers. The performed experimental researches revealed that a dense oxide
layer is created on the surface of tellurium glassy alloys. In the process of
manufacture of the WORM type optical disc carriers, the main attention was
paid to the choice of materials for registering media capable to provide long-
term storage of recorded data. Tens of glassy tellurium alloy compositions
were studied to use them as registering media for optical disc carriers of the
above-mentioned type.
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In accordance with the preliminary calculations, four component eutectic
alloy of Te, ,Sb,,Se;,Ge,s was chosen [7]. The alloy is feasible to provide
long-term storage of recorded information. The distinction of this alloy
consists of necessity to apply radiation with the wavelengths shorter than
550 nm to record information. Being aimed at performing the comparative
investigations of optical carriers, there were manufactured optical discs with
registering media containing more than 60 % of tellurium. The advantages of
these carriers were so that information recording in them could be realized
by infra-red lasers. But the main reason in use of the tellurium alloys instead
of pure tellurium films was the necessity to increase the corrosion hardness of
registering media. On the surface of tellurium alloys with Sb, Se, Ge, there
arise dense oxide films that reduce the speed of tellurium oxidation [8]. It
was thought that the oxide film appearing on the surface of vitreous tellurium
layer would protect it against further oxygen penetration. The methods of
accelerated aging (exposure of the samples in the premises with increased
humidity and temperature) demonstrated that the growth speed inherent to
the thickness of the oxide layer is abruptly reduced with increasing its
thickness. The layer-by-layer Auger analysis of registering medium
Te,,Sb,,Se¢, Ge,s manufactured 30 years ago showed that the oxygen content
did not exceed 13 at.%, and the oxygen was uniformly distributed along the
layer’ thickness. The fragments of respective Auger spectra are depicted in
Fig. 1. In the initial state (Fig. 1a), at the oxygen background, the lines of
475, 490, 511 eV (the latter is the main peak) belonging to Sb and Te are not
registered. After etching the oxide film (Fig. 1b), the Sb and Te peaks are
appeared (457 and 498 eV), and the oxygen content is reduced down to
approximately 13 at.%. In the case of tellurium, superposition of the main
tellurium Auger peak with the oxygen one takes place. Observed there is the

Fig. 1. Distribution of oxygen
in registering medium
Te,,Sb,,Seq, Ge, s before
etching (a) and after etching
with argon ion beam down

to the depths 25-50 nm (b)

L 44
a0

100 600
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shift of the peak from the scale position 491 up to 498 eV. It means that the
oxygen passivated film of the multi-component chalcogenides preserves its
chemical composition, whereas the oxide film is easily etched by argon ion
beam. It is noteworthy that oxygen distribution has a similar character both
in unsealed registering media and in those covered with a protective polymer
layer. Availability of considerable oxygen amount in this registering media
can be related with technological features of manufacturing the thin
registering layer. When using vacuum deposition, there occurs a considerable
amount of broken bonds in the structure of chalcogenide glass which results
in stage-by-stage accumulation of oxygen in this thin film.

Recording information onto optical disc carriers with the registering layer
Te,,Sb,,Seq, Ge, s was realized by employing focused radiation of a solid-state
laser with the wavelength 530 nm. This record was possible due to formation
of pits in the absorbing chalcogenide layer. The information was registered
on carriers of two types. The first carrier was just the optical disc with open
surface of the absorbing layer whereas the second one had the light-absorbing
information layer protected with a polymer film.

In both cases, laser radiation was focused through transparent glass
substrate of 3-mm thickness by using a special objective with the numeric
aperture of 0.65. In the latter case, we joined two substrates of the optical
carrier. The thickness of the polymer layer was close to 0.5 mm. That
provided an independent recording process for each substrate of the optical
carrier. After long-term storage (25 years), these optical disc carriers kept
mirror reflection and uniformity of coating layers within the area of data
recording. The shape and sizes of the pits appeared to be slightly changed.
The sizes oc-curred to be a little larger. Fig. 2 shows the view of the recording
zone on the optical carrier after its 25-year storage.

In the course of manufacturing the optical carrier, the surface of
registering medium was processed with focused laser radiation to create
concentric guide tracks. The information recording was realized on one or
both sides of the guide tracks. This way forming the guide tracks is rather
technological (it does not require any special preparation of the information
carrier substrate and the tracks can be recorded using the facility for
information recording). However, this way has essential deficiencies, namely:

— registering medium of the information carrier is separated by narrow
strips which can have a negative impact on the carrier storage term;

— availability of a bowl formed from material of the registering medium
along the guide tracks results in reduced density of information recording.
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A higher density of recording can be reached in the case when the guide
tracks are formed in a substrate. It can be realized in glass substrates by using
plasmochemical etching [9, 10]. After long-term storage of the optical
carrier with registering medium Te,,Sb,,Se.,Ge,s, guide tracks were
sustained unchanged and their sizes did not change within accuracy limits
(Fig. 3) [6].

Fig. 2. External view of the recording zone on the optical carrier: data recording
is realized from one side of the guide track (@) and from both sides (b)

Fig. 3. Guide tracks on the optical disc carrier with registering medium
Te,,Sb,,Seq Ge, s (track pitch 1.6 um). The images were obtained using:
a) an optical microscope; b) a scanning tunnel microscope [6]

26



High-density optical disks for long-term information storage

3. OPTICAL MEDIA FOR LONG-TERM DATA STORAGE BASED
ON INORGANIC SUBSTRATES

As a whole, hopes to create optical disc carriers of the WORM type with
glassy substrates based on vitreous chalco-genide semiconductors for long-
term information storage are justified. However, our further investigations of
properties inherent to optical carriers aimed at long-term storage have
showed that optical carriers where micro-relief structure is formed in the
glassy substrate based on highly stable material have considerably higher
reliability. In optical carriers where data recording is realized in CD and
DVD formats, so as to make these substrates one can use optically
transparent silicate or borosilicate glasses as well as silica ones. In order to
produce Blu-ray carriers, beside the above mentioned materials, one can use
substrates made of sapphire ones.

There is a growing interest in using the substrates made of inorganic
materials (sapphire, silica and silicate glasses) in recent time. Storage terms
of data recorded in the form of micro-relief structures on the media surface
are limited by the time of changing the pit form on this surface. It is obvious
that an excess of temperature over the melting point leads to loss of recorded
data. The maximal storage term of data recorded on the optical media can be
estimated applying the Eyring equation [11]. Then the relation of critical
data storage terms #, and # on the carriers with different melting
temperatures of substrate materials 7, and T, may be presented as:

iz
t2

The studies of data storage terms on optical discs (CD-ROM and DVD-
ROM) at the accelerated ageing shows that the estimated storage time on
polycarbonate discs is about 20-50 years and depends on store conditions
[12, 13]. Then optical discs must be kept in specified climatic conditions
(20 °C temperature and 40 % relative humidity), if they are used for long-
term data storage. This demands essential capital investments for building of
special depositories as well as supporting their work. Though, forecasted
storage terms of data recorded on the surface of the substrates based on
inorganic materials may be considerably increased (Table 1).

Using the sapphire allows to create optical carriers with the data storage
term exceeding 1000 years. Unique physical properties of sapphire as well as
its mechanical and chemical stability enable storing the proposed media at
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Table 1. Forecasted storage terms of data recorded as relief on the substrate surface

Substrate Melting Data storage terms relative to Storage

material temperature, K those of the polycarbonate CD term, years
Polycarbonate 523 1 ~20
Sodium glass 923 el36=39] ~80
Glassceramic 1696 e+00=5478 ~1100
Silica glass 1986 e+ =146.94 ~2900
Sapphire 2318 €13 =457.73 ~9000

any conditions not worrying about media failure in cases of fire, flood or
chemical pollution of depository. At the same time, due to these qualities, it
is sufficiently difficult to write data on sapphire disk surface. An additional
advantage of monocrystalline substrates as compared to the multi-
component material ones (for example, silicate glass) is the possibility to
assure micro-relief structures with higher resolution.

4. DATA RECORDING ON OPTICAL DISCS
WITH INORGANIC SUBSTRATES

Creation of the relief on high-stable material substrates directly by a
focused laser beam is difficult for realization. Initially, information is
recorded on a photo-resist layer. The process of data recording on optical
discs for long-term data storage consists of some technological steps used for
master disc fabrication by using the photo-resist method [14]. The photo-
resist layer is deposited on the surface of sapphire substrate (Fig. 4) in a
centrifuge. Information is recorded on the photo-resist layer in the laser
recording system by a focused laser beam. The format of laser recording
system defines the format of optical disc for long-term data storage. We used
CD format for data recording. The etch mask is created by selective etching
the recorded photo-resist layer. The information relief on the substrate
surface is created by reactive ion beam etching. The pit depth is calculated in
compliance with ISO/IEC 10149:1995 defining data interchange on read
only 120 mm optical data disks (CD-ROM) [15]. The relief depth for
sodium-siliceous glass (with the refractive index 1.51) was 120 nm, for silica
glass (refractive index is 1.46) — 130 nm, and sapphire (refractive index is
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1 2
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1.77) — 110 nm. The difference between refractive indexes of inorganic
materials and polycarbonate leads to different thicknesses of discs (thickness
of sapphire disc must be 1.1 mm versus 1.2 mm thickness of polycarbonate
disc).

The ratio of photo-resist and substrate material etching rates defines the
thickness of the photo-resist layer. The data structures are to be within 110-
130 nm depth. Therefore, the layer thickness of photo-resist Shipley 1813
used for production of master discs should be close to 150 nm.

A dry etching technique must be used for creation of data structures on
inorganic substrates. Conventional wet chemical etching does not allow
produce the structures with resolution lesser than 1 micrometer. Therefore, it
is not enough a facility to record information in optical discs formats. For
instance, the pit width for CD format is 500 nm, DVD — 320 nm and BD —
220 nm. Therewith, creation of the structures on the same material surface,
for example sapphire, is impossible when using chemical etching, because it
has a very low etch rate in comparison with those of etch masks. The photo
resist remains are removed after etching, and the data relief is covered by a
reflective metallic layer.
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Fig. 6. Data structure in CD format on the surfaces of sapphire substrate
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The ion source with a cold cathode was used for reactive ion beam etching
of the substrate material. The study of various gas mixtures showed that ions
of CF, with different Ar fractions had the highest etch rate. The maximal
etch rate of substrate (15 nm/min for sodium-siliceous glass and 5 nm/min
for sapphire) was obtained with 10 mA/cm? current density and 3-cm
diameter of the ion beam accelerated up to 2.6 kV. The data structure of
DVD format was formed on the surfaces of sodium-siliceous glass (Fig. 5)
and the data structure of CD format was done on sapphire substrates (Fig. 6).
The depths of relief built on the glass substrate were up to 150 nm and 95 nm
on the sapphire substrate.

Consequently, the presented data recorded on the surface of sapphire disc
with 65.1 MB/cm? density using CD format. Also, the opportunity of data
recording in the high-density DVD and BD formats has been analyzed.
There are nickel and chromium layers characterized both with high
mechanical and chemical stability as well as aluminum films traditionally
used for optical disc production and applied as reflective coating.

4. CONCLUSIONS

1. The optical carriers with registering media made of vitreous
chalcogenide semiconductors for information recording by local photo-
thermal destruction of the absorbing layer with focused laser radiation keep
their physical properties in long-term storage.

2. The shape and sizes of pits coding information show inessential
changes. Namely, it has been revealed only a small increase of the pit sizes.

3. The high-stable material substrates occurred appropriate for fabrica-
tion of professional optical discs for longterm data storage. Silicon and
sapphire substrates can be used for fabrication high-density optical discs with
relief-phase data modulation (BD and future formats) for long-term data
storage.

4. Data recording in the form of micro-relief structure on the high-stable
material substrate surface can be performed by master-disc laser recording
station and ion-beam etching the substrate material.

5. The use of high-temperature materials as reflective coatings promotes
improvement of the data storage on optical media based on the high-stable
inorganic substrates.
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HOBITHA TEXHOJIOI'TA JOBI'OTPUBAJIOI'O
3BEPITAHHSA IH®OPMALIIT
HA CAII®IPOBUX OIITUYHUX AUCKAX

CmeHnoepama chinbHoi donoegidi Ha 3acidanti Ilpe3udii HAH Yxpainu
12 aromoeo 2014 poky. Bicnuxk HAH Ykpainu. 2014. Ne 4. C. 1-8.

Ilepen yeaoBeYECTBOM CTOMT MHOTO MpPOOJIeM, BaXXHEHIIMMM U3 KOTO-
PBIX SIBJISIIOTCS 9HEpreTUYecKasl mpobjema, rmpodaemMa 0eJHOCTH MOYTH I10-
JIOBUHBI Y€JIOBEYECTBA U, HECOMHEHHO, LIeJIbIA psil MpoOaeM oXpaHbl 310-
poBbsi. OmHAKO B IIOCHEAHEE ACCATUICTHE B CBSI3M C MHTECHCUBHBIM
BHeIpeHUEeM MH(OpMaTU3allud BO Bce 00JACTU IeATEIbHOCTU COBPEMEH-
HOro OO0IIEeCTBA M, CJAeIOBATEIbHO, IePeBOIOM UH(pOpMaLu B LIUMPOBOi
BUJI BO3HUKJIA OYEHb BaXKHAasl MpobJieMa JOJTOBPEMEHHOTO XpaHEeHUs TaH-
HBIX B LM@poBoii ¢opme. o HacTyruieHus 3pbl MHPOPMATU3ALUM 3Ta
npobJjieMa He ObUTa CTONb aKTyallbHa, TaK KaK MHMoOpMaIus, 3anicaHHast
Ha Oymare, rnmepramMeHTe U APYTUX HOCUTEJISIX, UMela CPOK XpaHEHUs 3Ha-
YUTEJIBbHO OOJIBIIIE CPEIHEN MPOMOIKUTEIFHOCTU KM3HM YeoBeKa U 0e3-
00JIe3HEHHO BO300OHOBJISLIACK.

Haxe 20—30 et Ha3am, Korga KOMIIbIOTEpHBIE HOCUTENIN MHGMOPMALIIT
HMMeJI HU3KYIO IUIOTHOCTD 3alIMCH JaHHBIX M CPOK XpaHEHUs MH(pOpMaLn
Ha Hux gocturai 20—25 net, 3Ta rpobaeMa yKe HaurHalla CTAHOBUTBCS aK-
TyajabHOi. CuUTyalusi pe3KO M3MEHWIACh B CBSI3M C TEM, YTO C LIEJIbIO
YMEHBIICHUS] CTOUMOCTHU XpaHEeHUs1 MH(GOPMALMK B IIOCIEAHEE ACCATUIIC-
THE IUIOTHOCTh 3aIIMCU MH(POPMALIMM Ha ONTHYECKUX U OCOOEHHO Ha Mar-
HUTHBIX HOCUTEJISIX YBSJIMYMIIACH B AECITKU U COTHU pa3, YTO U IIPUBEJIO K
KaTacTpo(UUECKOMY YMEHbIIEHUIO CpOKa XpaHeHus uHbopmaiuu. Dak-
TUYECKM CEerOIHSI HU OIMH COBPEMEHHBIII HOCUTEIb MH(pOpMAILINK OOJIbIIIe
YeM TpU-YeThIpe Tofa MHGOPMALIMIO He XPaHUT. A K YeMy 3TO IPUBOIUT?

IIpencraBere cede, uro HemaBHO ¢upma Google 3akynuna 400 Thic. Ha-
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KonuTesiel nHopMaIu Ha MAaTHUTHBIX TUCKaX IJISI TOTO, YTOOBI CO31aTh
MaMsITh U1 COBPEMEHHOI, TaK Ha3bIBaeMOI 001a4HOM CUCTEMBI XpaHEHUS
1 00paboTKM JaHHBIX. I BOT Uepe3 TpM rojga OHM BCEe JOJKHBI OBITh 3aMe-
HeHbl. COBpeMEHHBIN TMIaHT B 00JaCTU MH(MOPMAIIMOHHBIX TEXHOJIOTUIA,
kommaHusl Google, MOXET, U BBIACPXKUT TaKOH TeMIT OOHOBJIEHUSI HOCUTE-
JIiel uHdopMalui, HO MWLIMAPIbI I10JIb30BaTeNIeil TePCOHATBHBIX KOM-
MBIOTEPOB TOJLKHBI MEHSATH BCE 3alIOMMHAIOIIME YCTPOMCTBA B TaKOM XK€
temne. M1 camoe rmaBHoe — micuxosiorus! Hy He MOXeT ceromHs Halll Co-
BPEMEHHUK MMEIOIIMECS Y HEro KOMITbIOTepHBIE JOKYMEHTHI, LIM(MDPOBLIC
doTorpacdun u ceMeliHbIe BUACOCIOKETHI 3aIMCaTh Ha KOMIIBIOTEPHBIM HO-
CHUTEJIb U TIOJIOXUTH B ceiid UIst CBOMX MOTOMKOB. OH OyIeT BRIHYKIEH BbI-
TaCKMBAaTh MX U IEPENUChIBaTh HA HOBBIE HOCUTEIU MH(popMalnu. To ecTb,
JIEeUCTBUTEIBLHO CIOXWIACH KaTacTpoduueckas cutyarus. Co3maroTcs ru-
raHTCKMe O0aHKW JaHHBIX VIS LIEHTPAJIM30BAaHHOTO XpaHEHUs, U B HUX Te
Xe Mpo0IeMBblI.

U npexne 4yeM MOmbITaThCsl HAMTU IMyTh K PEIICHUIO 3TOM MPOOJIEMBI,
XOTEJIOCH OBl OTVISTHYThCSI, KaK XK€ BCe-TaK1 Pa3BUBAJIUCh UICTOPUUECKHE CO-
OBITHST B 00JIACTU XpaHEHUsS JAaHHBIX. A pa3BUBAJIMCh OHU OYE€Hb MHTEpEC-
Ho. Jleqo B TOM, YTO 0 HAC AOILIM IIMHSIHbBIC TAOJIMYKM, KOTOPhIE OBLIU
cobOpaHbl B camoili apeBHei ouonumoreke 2700 et Hazan. OHU COXpaHUIIKUCH
MOTOMY, YTO aCCUPMICKHWI Llaph AIIIypOaHUMAal co3aan OMOIMOTEKY, B
KOTOPOM ITocTapajcs coopaTh Bce 3HaHUSI YeI0BeUYeCTBA TOIO BpEMEHH, Ha-
KOIJIEHHBIE B €r0 POTHON CTpaHe M B OKPYXaIOLIMX TocygapcTBaxX. 3aIu-
CHIBAJIMCH 3TH 3HAHUS Ha IIMHSIHBIX TaOJIMUKaxX, Ha IMamydpycax, Ha Iepra-
MEHTE M Ha BOCKOBBIX TaOJMYKax I BPEMEHHOIro XpaHeHus. Tak BOT,
coxpaHunock 6ojiee 20 ThIC. TTMHSHBIX TaOMMYEK, a BCE OCTAJIbHOE UCTIIe-

Puc. 1. Xpanenue uabop-
Maluuu B IPEBHOCTU: a@ —
KIVMHOMUCHAsA  Tabauyka
LIYMEpPOB C OMHCAaHUEM
MPUIUH pa3pylIeHus: Ou-
onetickux ropoaoB Cojo-
ma u Tomopper, 700 T. 1o
H.3.; 6 — cTena xpama
Pamceca IV, 1100 . 1o H.5.
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0. To ectb, coxpaHwid HMHOOPMALUIO TOJBKO T€ HOCHUTEIU, KOTOpPbIE
OBLIM BBIMOJHEHBI U3 XMMUYECKH CTOMKHX MaTepuasioB (puc. 1).

Yro takoe rmuHa? [MMHA — 3TO CycneH3us ABYOKUCU KPEMHUS U OKUCU
aJIOMUHUS, Y KOTIa OHA CIIEKAETCsI, TO IIPEBPalllaeTCs B XUMUYECKHU CTOM-
KyI0 ¥ TIpOYHYI0 KepaMuKy. Bcero go Hac momuuto okojo 100 TeiC. Tabanyexk
pasHBIX CTpaH U HApOAOB, HO HauboJiee APEBHUE U MHTEPECHBIC U3 HUX —
9TO TaOJIMYKM IITyMepoB, natupyeMble KoHIoM I1I Teic. 1o H.3. Ha Tabauny-
Kax 3aIcaHo OKOJIO 12 ThIC. MPOU3BEIECHUI, IIPUYEM €CTh TaKUE, KOTOPhIE
MCCJIEIOBATEIM A0 CUX IOP HE MOIYT MOHSATH. Jlalieko He BCe M3 HUX OITy-
OnmKoBaHbBI. TaM ecTh OYEHb MHTEepecHask MH(pOpMalLKs, HAaIIpUMepP O TOM,
YTO YK€ B T€ JaJeKue BpeMeHa NeIaIiCh OMepaly 110 JeYSeHUIO KaTapak-
ThI, OIIMCAHbl YHUKAJIbHbBIC 3HAHUSI B 00JIaCTU MaTeMaTUKU, TeHETUKHU, 00
ycrpoiictBe COJIHEYHOM CUCTEMBI. DTO MPUMEP TOrO, YTO €CJIM MbI Mpei-
MPUMEM YCUJIMSI ISl TOTO, YTOOBI BCe 3HAHUsI, KOTOPBIMU CErofHs obiana-
€T 4YeJIOBEYECTBO, HAEXKHO COXPAHUTh, TO, MOXET ObITh, OHM IIOTOM HO¥i-
IYT [0 CIIEAYIOIINX ITOKOJICHUIA.

Tak Ha yeM e XxpaHUTb MHMopMaLro? TabIUUKK ITyMEPOB COXpaHUINU
nHdopMalLMio Ojarogapsi TOMY, YTO OHAa HAHOCWIACh B BHUIE pejibetha Ha
XUMUYECKM M TEPMMUYECKU CTOMKYIO ITOBEPXHOCTb TAOJMYEK M3 TJIMHBI.
Jaxke BOCKOBBIC BaTUKU DAMCOHA, HA KOTOPHIX MO OKPY>KHOCTH aIMa3HOM
WTJION OblJIa 3amMcaHa MH@opMalus B BUAE peabeda riyOonHo Bcero He-
CKOJIbKO MHUKDPOH, BCE PaBHO COXPAaHWIM WH(POPMALIMIO HA IPOTSKEHUHU
BOT yXe 0ojiee 100 yeT, eca oHM He OBbUIM TToLlapalaHbl WUIM UX HE cheaaa
IUIECEHb M3-3a IUIOXUX YCIOBUI XpaHeHUsl. TaKuM oGpa3oM, MHOTOKPATHO
MOATBEPKIAETCS MIESI, YTO BCE-TAKU JIYYLIUM CIIOCOOOM XpaHEHUS WH-
dopMaLuu ABSIETCS e¢ 3aIlMCh B BUe pelibeda Ha OMHOPOIHOM ITOBEPXHO-
ctu. ITo TakoMy ITyTH MBI 1 MOILUIM, HadyaB B 1975 . pa3paboTKy MmepBoro B
MMpE HAKOMUTEJs Ha ONTHYeCKMX AucKaX. CeromHsl 3TOT obGpasel] Haxo-
nutcs B [lonmutexHuyeckoM My3ee YKpauHBI, OH MpakTudyecku Ha 10 jeT
oIepeau KOMIAKT-IMCKHA M B €70 KOHCTPYKIIMU 3aJI03K€HBI OCHOBHBIE (DU~
3UYEeCKME IPUHIIUIIBI, KOTOPhIE IMOBCEMECTHO IIPUMEHSIOTCS Telepb Ipu
CO30aHUM COBPEMEHHBIX OINTHYSCKMX MTUCKOB. 3a 4TO cerogHs Gupma
Phillips mosy4aeTt postiTé OT MPOU3BOAUTENEH KOMMAKT-IucKoB? 3a ¢op-
MarT TIpeJCTaBlIeHus TaHHBIX. A Bce (pu3nUecKre OCHOBBI OB pa3paboTra-
Hbl HAMM paHee.

IlepBblii AUCK ObLT U3rOTOBJCH HA MOMUIOXKE M3 CUJIMKATHOIO CTEKJIa.
Ho cTeki0, XOTMM MBI WX HET, LIEJI0YHOE, U KaKue Obl Mbl HU HAHOCWIM
Ha MOBEPXHOCTb CTOMKME 3alllMTHBIE IMOKPBITUSI, BpeMsl OepeT CBoe, UAET
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Koppo3us. B YxkroponckoM HaydHO-TEXHOJOTUUECKOM LIEHTPE MaTeprajioB
OINTUYECKMX HOCUTENIe MH(pOPMALIMK HAIIEr0 MHCTUTYTa CUHTE3UPOBaHbI
U UCCJIEN0BAaHbI COTHHU Pa3IUYHBIX MAaTEPUAIOB IJIs PErUcTpalui HHGMOP-
MallMy, Ha KOTOPBIX ee MOXHO xpaHuTh 30—50 net. Ho korma muaer peds o
XpaHEeHUN MHGMOPMALIMU B TeYSHME COTEH M TBICSY JIET, HEOOXOIUMO HC-
MOJIb30BaTh BBICOKOIPOYHBIC, XMMUUECKM CTOMKME, KapOIIPOYHBIE, IIPO-
3payHble MaTepuajbl IS 3alluThl MH(pOpMaLMOHHOIO penbeda. Bcee
OCTaJIbHbIe METOIBI 3amucu (MarHUTHAas 3alliCh, JIIOOOW Ipyroil peib-
edHBII MeTom, Korma MHGbOpMAaIUs 3allMChIBA€TCS Ha OTKPHITYIO MOBEPX-
HOCTB) JOJTOBPEMEHHOTO XpaHEHUST HE FapaHTUPYIOT.

BricTpoe M IMpoOKOe paclIpocTpaHeHUE MEePCOHATBHBIX KOMITBIOTEPOB
MOTPeOOBAIO CO3MaHUS TEXHOJOTMM MAacCOBOTO PACIPOCTpaHEHUS 0O0Jb-
KX 00beMOB UHGopMaunu. g 3TUX 1ejieil 0Ka3aaoch BOCTPEOOBAHHBIM
MMPOU3BOJCTBO ONTUYECKUX MUCKOB (KOMIIAKT-AUCKOB) METOIOM MHKEK-
LIMOHHOTO JIUThS U3 IMPO3PAYHOTO MOJUKApOOHAaTa. DTa TEXHOJOTHS IT03BO-
JIWJIa PEIIUTh MAacCy aKTyaJbHBIX IMPOOJIEM, OMHAKO KaXKABI CeHyIOLIi
1IaT MO YBEJIMYEHUIO TJIOTHOCTU 3amucH naHHbix (DVD, Blu-ray) mpuBo-
IIWJI BMECTE C YBEJIMYEHUEM €MKOCTU K CYIIECTBEHHOMY YMEHBIICHUIO UX
HalIe>KHOCTH M YMEHBIIEHHUIO cpoka XpaHeHUs nHdopmaiuu. C yBeaude-
HUEM IUIOTHOCTH 3alucH WH(OpPMAIIMKU TOIIIMHA 3aIIUTHOTO CJI0SI OT MO-
eV K Mozesn yMeHbImaach ¢ 1,2 MM mst CD go 0,6 mm mig DVD u, Ha-
KoHelr, 1o 0,1 MM JJ1 ONITUYECKUX TUCKOB Bin-ray.

CeromHs MpearnpuHUMAETCSI MHOTO ITOMBITOK MCIIOJIb30BaTh Pa3IMIHbIE
TepMETU3UPYIOIINE U PETUCTPUPYIOIINE TIOKPBITUSI PalU PellieHus TTpobJie-
MBI TOJTOBPEMEHHOI0 XpaHeHUS MH(MOPMALMU TIPUMEHMUTEIBHO K CYIIe-
CTBYIOIIEH TEXHOJIOTMU ITPOM3BOACTBA KOMITAKT-IUCKOB. OMHAKO B CBS3U C
TeM, 4YTO TeMIlepaTypa IUIaBJIeHUs IOJMKapOOHaTa COCTaBIISIET BCETO
250 °C, a pabouas Temriepatypa He goJkKHa npeBbimaTh 110 °C, Bce 607b-
1IIe MccliefoBaTeNIeil BUIUT HEOOXOAUMOCTb YBEIUUUBATh TETUIOCTOMKOCTD
MOUTOXKN ONTUYECKUX MTUCKOB. Pa3paboTok mMHoro. Omnmpasich Ha 3aKOH
Appenuyca u npaBuio Banr-Todda, MoxXHO caenath BRIBO, YTO Hanboiee
XUMMYECKM CTOMKMMMU SIBJISIFOTCSI BBICOKOTEMIIEpaTypHBIC MaTepHualbl.
Cpeny ONTUYECKU MPO3PAUYHBIX MATEPUAJIOB cariup SIBISIETCS CaMbIM BbI-
COKOTEeMIIepaTypHBIM M CaMbIM TBEPIBIM IIOC/IE aiMa3a MaTepHraioM, o0Jja-
NAIOIIYM BIUIOTh IO BBICOKHX TEMIIEPATYP BBICOKOU XMMMYECKON CTOMKO-
CThIO KaK K IIleJIouyaM, Tak U K KucjaoTaMm. [loaTtomy camdup HE0OXOOUMO
paccMaTpuBaTh Kak Haubosiee IepCIeKTUBHBIN MaTepuall ISl CO3MaHMUS
IMOJTOKEK ONTUYECKUX AMCKOB IS TOJITOBpe-MEHHOIO XpaHEeHUsI JaHHBIX.
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BaxxHO OTMETUTBH, YTO BCE MCCIECIOBAHUS IO CO3MAHUIO CUCTEM JIOJITO-
BPEMEHHOTO XpaHeHMsI MHMOPMAIIUK CBSI3aHbI UCKIIIOUUTEIBHO C CO3IaHM -
€M pa3IMYHBIX TUIIOB ONTUYECKMX 3alIOMUHAIONINX YCTPOHCTB. Pa3pabot-
KU OCYILECTBIISIIOTCS OYeHb IUPOKUM DpoHTOM. CeromHs o4eHb IITMPOKO
nonynsapusupyercss M-guck. OH oTIMYaeTcsl OT CTaHAAPTHOIO KOMIIAKT-
IUCKa JIUIIh TeM, YTO BMECTO (hTaJOIMaHUHOB B KAYECTBE PETMCTPUPYIO-
IIEr0 MaTepuaja HCIOJIb3yeTCsI HEOPTaHMYECKUII MHOTOKOMITOHEHTHBIM
CILJIaB, OYEHb MOXOXUI Ha XaJIbKOT€HUIHbIE CTEKJIA, KOTOPbIE MBI UCIIOJIb-
3oBasim 30 Jiet Hazan. Pa3paboTumky o0elaloT CpoK XpaHeHUs MHPopMa-
LIMY THICSIYY JIET, HO 3TO HepeaJbHO, ITOTOMY UTO ITOJIMKapOOHAT M3-3a HU3-
KOIi TeMIIepaTypsl IUIABJICHUS TOCTaTOYHO OBICTPO MErpaarpyeT, U CerOmHS
YK€ U3BECTHBI MUKPOOKI, KOTOPBIE Pa3pyIIaioT ero MOBEPXHOCTb.

OueHb MHTEpecHa pa3paboTka dpaHIly30B. I TOro 4TOOBI XpPaHUTH
VHGOPMALIMIO O SIAEPHBIX 3aXOPOHEHMSIX, OHU IpeljaraioT, Hampumep,
B34Th IBa carndupoBbIX Aucka auamerpoM 200 MM, BHYTpU HAHECTH WH-
¢dopmaLMIo Ha CJION IJIaTUHBI M 3aTeM IUIACTUHBI 3amasiTh. CTOMMOCTh Ta-
KOTo IMCKa ¢ 3amMcaHHoi nHpopmMauuei coctapisgeT 10 ThIC. €BpO U UC-
MOJIb30BaThC OHU OYAYT, BUIUMO, TOJIBKO JJISI HEKOTOPHIX 9K30TUUECKUX
npuMeHeHu. B 9Toit pa3paboTKe BaxKHO TO, YTO B KAYECTBE MOAJIOXKU MC-
MOJIb3yeTcs cardup, HO He I UM POBOM, a IS MPOSKIIMOHHOMN CUCTEMBI
MpeacTaBaeHUs UH(GOpMAaIIUN.

OueHb MHTEPECHBIM SIBIISIETCS METOJ 3alucy MHMOpMaLMU B oO0beme
KBapIIeBOI IUIACTMHBI B BUAEC MUKPOIIOBPEXKICHUI, cO3MaBaeMbIX (peMTO-
CEeKyHIHBIM JiazepoM. [ToueMy-To y HUX eCTh Hajexkna, YTO TaKue MUKPO-
MOBPEXIEHMS OYIYT COXPaHIThCS B KBaplle MIUIMOHEI jieT. Ho maxke eciu
M YAACTCSI CO BpeMEHEM PealIn30BaTh TaKyl0 CUCTEMY, OHA OyIeT YHUKAJIb-
Ha, OyIeT MCIOJIb30BaThCsl B KPYIMHBIX MH(MOPMAIIMOHHBIX IIEHTpaX HO He
IUISI MacCOBBIX ITOJIb30BaTeIeii, KOTOPBIX CETOAHS 3HAYUTEJIbHO OOJIbIIIe
MUWLIMAPIA.

Curtyauus otyasiHHas. Ecau 3aiiTi Ha caiiThl, 0COOEHHO aMepUKaHCKNeE,
00CyXnaroIye MpooJIeMbl TOJITOBPEMEHHOIO XpaHEHMST JAaHHBIX, TO TaM OT
0E3bICXOMHOCTH TIpe[jIaraloT BEpHYThCS K XpaHEHUIO IU(PPOBLIX (aiiioB
Ha BBICOKOKAaYeCTBEHHOM OECKMCIIOTHOI Oymare, KOTopasi rapaHTHpPOBaH-
HO MOXET XpaHUTh MHPopMmaiuio okono 200 jgeT. Mexmy mpounM, AJleK-
ceit CemeHoBrY OHUILIEHKO HaM TaBHO BHYIIIMJ, YTO €CJIM CO3IaBaTh HO-
CHUTENIX UISl TOJTOBPEMEHHOIO XpaHEHMS, TO OHU JOJKHBI MMETh BpeMs
XpaHEHUsT 3HAUMTEJIbHO OOJblliee, YeM BpeMsl XpaHeHMSI WH(OpMallnu Ha
Xopolieii oymare.
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B yeM Xe cyTh Hallero Imoaxoaa K CO3MaHUIO ONTUYECKUX ITMCKOB IS
JIOJITOBPEMEHHOTO XpaHeHUs1 nHopMalu? Mbl J0OATO HE MOTJIM OCYIIe-
CTBUTH BBICOKOKAUYECTBEHHYIO (hOKYCHMPOBKY JIa3¢pHOIO ITydyKa IIPU IIPO-
XOXJIEHUM €ro 4yepe3 carupoByIo MOAI0XKY. MHOro oo6pa3ioB ObLIO U3-
roropieHo B WMHCTUTYyTe MOHOKPHMCTAJLIOB, MHOIO OBLIO IIPOBEIECHO
9KCIIEPUMEHTOB, TI0Ka, HAKOHEII, He MOSIBIWIACH UEsI CEIaTh TAKYIO OITH-
YECKYI0 CHUCTEMY, KOTOpasi CO3MaeT MPOTUBOIIOJIOXHBIC MO 3HAKY IOJISIPH-
3aLIMOHHBIC UCKAXKEHUS U TAaKUM 00pa3oM KOMIIEHCHPYET MOJISIpU3allOH-
HbIe UCKaXXEeHUS canupoBOii TTOMIOXKKH (puc. 2).

Bort npoctas wimoctpauus (puc. 3). Camas nepBas dororpadus cuena-
Ha 0e3 KOMIIEHCUPYIOIIEH ITOJSIpU3allMOHHON IIJIACTUHKMU, a Apyras — C
KOMITCHCUPYIONIEH MOJSpU3allMOHHOM TUIaCTUHKOM Ha candupe. Cpasy

# # # #
n, = 1,5443
4 u U
#

L * sl[# # \\\ A #4 |AKZa=mib,0091
— I 2o \W I e N 1’718;)32806
Tomxap6ouar: n, = 1,58 & | £ £l an-+0,00832 yaul
IMonukapGonar Ksapu + Candup

Ksap1t MOHOKpUCTATLIITIECKHi: AD,,,, = 0,5443 - 0,5534 = —0,0091
Candup MoHoKpuCTaLTIIeCKHi: Ay, = 0,78038 — 0,77206 = +0,00832

#

1,2

Puc. 2. KomnieHcauusi oJisipu3allMOHHBIX abeppaliuii B caripupoBOii MOTOXKE

Puc. 3. KauecTBo (hoKyCHpOBaHUSI CUCTEMBI: @ — 03 KOMIIEHCUPYIOLLIEeH Tosipu3a-
LIMOHHOM TUTACTUHKU; 6 — C IPUMEHEHNEM TUTaCTUHKI
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BHUIHO, YTO N300pakeHne CYIIECTBEHHO YIy4IllaeTcsl, HO 3TO caMasi IepBasi
npoda. MbI ee XpaHUM KakK TIEPBYIO MCTOpUUYECKYIO (poTorpacduio. Takum
00pa3oM, IyTh K TOMY, YTOOBI MCIOJIb30BaTh CaMblii BHICOKOIIPOUHBIiA, ca-
MBI BBICOKOCTAOMIBHBINA MaTepuaj, KOTOPhIi K TOMY e IPOU3BOIUTCS B
MAacCOBOM KOJIMYECTBE, OTKPHIT.

Teneps yxxe CTOMT BOIIPOC: KaK ke TaKue carndupoBble TUCKHU UCIIOIb30-
Bath? HaBepHoe, caMoe IpocToe pellieHne COCTOUT B TOM, YTOOBI MaKCH-
MaJIbHO HCIIOJIb30BaTh TEXHOJOTMYECKME, aIllapaTHble UM IIPOrpaMMHBIE
pa3pabOTKU BCEro CeMeNCTBa CErOMHSIIHUX KOMITAKT-IUCKOB. OUeBUIHO,
YTO IIPOM3BOACTBO CamUpPOBBIX AUCKOB, aHAIOTMYHBIX dopmaram CD-
ROM u DVD-ROM, MoxeT OBITh HaJIa’keHO Ha CYILIECTBYIOLINX KOMILJIEK-
cax I10 M3TOTOBJICHUIO TMCKOB-OPUTHHAIOB KOMITAKT-IUCKOB IOCJIC HEKO-
Topoit ux MomepHusau. CerogHs B MUpe paboTaeT 0oJjiee THICSIIM TaKUX
KOM-TIJIEKCOB, UMEIOIIMX MPOU3BOAUTEIBHOCTh 0K010 100 T1MCKOB B CYTKH,
M TIEpeOCHAIlleHUE TaXe ISITOM YacTH U3 HUX MO IIPOM3BOACTBO candupo-
BBIX THUCKOB ITO3BOJIMT OPraHM30BaTh BBHIMYCK OKOJO 10 MJIH OUCKOB Ha
cardupe B rof, YTO MOXET OKa3aThCs BIIOJIHE MOCTATOYHBIM JJISI CTapTa
MIPOU3BOJCTBA.

Ha ciemyromux 3Tanmax MOTyT OBITh afallTUPOBAHbl M TEXHOJIOTUH, OCY-
IIeCTBIISIIOIIKNE ogHOKpaTHY 3amuch (CD-R) m MHorokparHyio repesa-
nuch uHpopmaunu (CD-RW). I1lpumeHeHure 1ist 3TUX CTaHAAPTOB candu-
POBBIX MMOUTOXEK MO3BOJIUT MCITOIb30BaTh PETUCTPUPYIOIINE MaTepHaIbl C
0oJiee BBICOKMMU TeMmepaTrypaMu (a3oBBIX IEPEXOIOB M CYIIECTBEHHO
YBEJIMYUTh CPOK XpaHeHUsT nHpopMaunu. OCHOBHOI (DU3MUYECKON Tpea-
MOCBUTKOM UISI 3TOTO SIBJISIETCS] YBEIWUYSHUE MOIIIHOCTH CMHUX MOJIYIIPOBOI-
HUKOBBIX JIa3€POB B IECITKU pa3 U CYIIECTBEHHOE YIyUIlIeHUE TTapaMeTPOB
OINTUYECKMX CHUCTeM. BaxHeWImmM (HakTopoM, OIpPEnessioliM MaKCH-
MaJIbHBIM CPOK XpaHEHUsI MH(MOPMAIIUU, SIBJSETCS CTOMKOCTh MeTalInJe-
CKOI'O OTpaXalolllero MOKPBITHUS, KOTOPOE OMHOBPEMEHHO BBIMOJHSET 3a-
muUTHBIE QyHKIMK. OTBET HAa MHOTYE BOIIPOCHI CTOMKOCTY METATMIECKUX
MOKPHITUI HA MOBEPXHOCTHU cardurpa JaeT KOMILIEKC UCCIIeI0BaHUI, TIPO-
BelleHHBIX B MIHCTUTYTe mpoOjieM MaTepHuaIoBeNeHUS MO PYKOBOICTBOM
akagemuka 0. B. Haiinuua. ITokasaHa BbIcOKasl CTOMKOCTH IUIEHOK BaHa-
Iust 1 Xpoma BIUTOTh 10 Temiiepatypbl 800 °C. Mcnosnbp3oBaHue IIATUHBL U
POIMST MOXKET el1e OOJIbIIE TTOTHSITh TEMIIEPaTyPHYIO CTOMKOCTb OTpaKaro-
ILIETO IMMOKPHITHS.

CaMblii TIepBBII ONITUYECKUI IUCK Ha carndupe, KOTOPBI MBI cIeau,
9710 aucK auamerpoM 80 MM u TomuuHoi 0,71 mm. Ilpu 3anucu no craH-

39



B. B. Ilempos, B. I1. Cemunoncenxo

naptHoii TexHonorun CD-ROM Ha Ta-
KoM nucke nomenraerca 210 Mo
nHbopMmauuu. [anpHeiiue  Halu
maru oynyT coenanbl B co3ganun CD-
ROM nuckoB nuameTpom 120 MM 1 eM-
koctheio 700 M6 u DVD-ROM nuckoB
eMmKkocThio 4,7 I (puc. 4).

Yto Xe HYXXHO caejaTh I0JIb30BaTe- =

JIO, YTOOBI MMETh BO3MOXHOCTb YM-  pyc 4. Akamemuk B. B. Iletpos
TaTh TaKUe IUCKU? B OOIIEM-TO, K CYa-  jeMOHCTpUpYET MEpBbIE B MuUpE
CThIO, COBCEM HEMHOIO — TIPUKJIEUTb  ONTHYECKUIl IMCK Ha cardupe
KBaplEeBYI0 KOMIICHCALIMOHHYIO ILIa-
CTUHKY ToJIIuHOM 0,5 MM 1 pa3MepoM 6 X 6 MM Ha OOBbEKTUB CUMTHIBATEIIS
KOMIIAKT-AMCKA. DTO MOXET CHe/IaTh caM I10JIb30BaTe/Ib WK Xe MepCOHA
Ha M1000M CepBUCHOI cTaHLMU. BOT TakuM 00pa3oM BO3MOKEH OBICTPBIi
rmepexo Ha 000pyIoBaHUe I pabOTHI C can(UPOBHIMU JUCKAMMU.

Mpg1 comHeBaIuCh, JOKIaabBaTh 1M bopucy EBreHbeBrMuy 00 3TUX pe-
synbTatax. Ho xorma 25 ssHBapsl 3TOro roga YKpIaTeHT Mocje IpoBeaeHUs
MMaTEeHTHOIO IMOMCKa COOOIIN/I HaM, UTO aHAJOTOB TaKOil CUCTEMBI B MUPE
He cyiecTByeT, Mbl ¢ Bragumupom IletpoBuyeMm CeMHUHOXEHKO Cpa3y 10-
noxunu bopucy EBrenneBuuy IlaToHy, M MO3TOMY HOKJIan B KOPOTKUIA
cpok OblT mocTaBiieH Ha 3acemaHue [Ipesmapuyma HAH Ykpaunbl. 3a sto
eMy OOJIbIIIoE criacuoo.

Korma Bo3HMK BOMpoC, YTO Xe 3alucaTh Ha IepBhIi B MUpe carpupo-
BBII ONITUYECKUI AUCK, MBI Cpa3y PEIWIM 3allkcaTh Ha HEro (poHorpaMmy
BeicTyIuieHUs1 Buktopa Muxaitnosuua ItymikoBa Ha 3acenanuu [lpe3mam-
yma AH YCCP 11 Hos6pst 1976 . OH BBICTYNIWI C TOpsiYeil MOOAEPXKKOM
Hairero coBMecTHoro ¢ Ieopruem EBreHneBmuem I[lyxoBBIM mOKJIaga 1o
CO3[JAaHUIO TEPBBHIX B MHUpPE HAKOIMUTeNIeil MH(OpMAalMy Ha ONTHUYECKUX
JIMCKAaX U B JaJIbHEMIIIeM aKTUBHO OIS PXUBAJ 3Ty pa3paboTKy.

Cracu60 3a BHUMaHue!

AKAIEMUK HAH YKPAUHEI B. I[1. CEMWHOXEHKO

B 1998 1. MbI ¢ BsauecnaBom BacunbeBuueM [I[leTpoBbiM]| IpucyTCTBOBA-
JIM Ha OHOM M3 3acelaHuii, Ha KOTOPOM BBICTYMaJ 110coj CoearMHEHHbIX
IIraTtoB rocioguH YunabsaM [puH Munnep. B ero BeICTyIieHUM Mpo3ByYa-
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JIO, YTO Mbl MHOIJA HE3aCaYyXEHHO 3a0bIBa€M O TOM, YTO ONTHYECKUIA Me-
TOM 3amMCH MH(OpMaLUU BIIepBbie ObUI IPEIIOXKEH 3[eCh, B YKpauHe, B
Kuese, Ho peanunzoBanu 3Ty TexHojoruio B CIIIA. U Torga y Hac BriepBbie
3apOAMIIOCH, TaK CKa3aTh, XKeJaHWE B YEM-TO PeaOUIUTUPOBATHCSI — BElb
3TO O HalmMX pabdorax 1uia peyb. Bropoii anu3on (a Ux ObLIO MHOTO) OTHO-
cuics K mevanbHoMy coObiThio 2001 roga — 3TO M3BeCTHasl Tpareausi BO
BcemupHoM ToproBoM 1eHTpe B Hbio-Mopke. Cpenyt caMbIX MacIITaGHbIX
moTepsh (B MEPBYIO oUepelb, KOHEYHO, rudes oonee 2700 yenoBek) OblIa 1
OrpoMHasI MaTepuaibHas MOTepsI MHOOPMAIIMKM Ha BCEX HOCUTENSIX B 3TUX
3naHusix. IlomcyuTaTh M OLEHUTh 3TOT YIIepO HEBO3MOXHO, TO €CTh OH Ha
HECKOJIbKO MOPSIIKOB IIPEBOCXOAUT CTOMMOCTh CaMuX 3maHuii. B kauecTBe
MpUMepa MPUBOIST rMOeIb COPOKa C JIMIIHUM ThICSIY HEraTUBOB (DoTOrpa-
¢uit Ixxona @. KeHHeau, CHATBIX IMYHBIM (hoTOrpadoM Npe3uaeHTa.

U BoT ceituac, Korga Mbl IMeeM €0 C MACCOBBIM BHeApEeHUEM LG po-
BBIX TEXHOJIOTMI B HayKe, OM3Hece U Jaxe B OOBIYHBIX JOMAIIHUX YCIOBM-
SIX, YK€ MUJUIMAPbI JIIOACH 3aIyMBIBAIOTCSI HAll BOIIPOCOM: KaK COXPaHUTh
VH(GOPMALIMIO, HATpUMeEp, AOMAIITHUI apXuB?

3a (oToIUIeHKH ellle KaK-TO CIIOKOIHee, Belb OHM XpaHsaTcs et 50—100
€CJIM MX HEe OYeHb CYIIMTh, HOPMAaJbHO COXPAaHSITh U, KOHEUHO, U30eraTh
MOXapoB. A Ha JII0OOM IPYrOM HOCUTEJIE YBEPEHHOCTH, YTO HE CIACTUT MH-
¢dopmaLusi, HET, BeAb COBPEMEHHbIC MarHUTHBIC, ONTHUYECKUE W TBEPIO-
TeJbHbIE HAKOIIUTEJIM XPaHST €€ BCEr0 HECKOJbKO JIeT. bosbline Kom-
MaHUU TIEPEeNUCHIBAIOT CBOIO CIy:KeOHyIo mHpopMauuio. [daxe ceifuac B
obJiakax Bce JAepxKaT MHOOPMALIMIO C ABOMHBIM-TPOIHBIM 1yOJIMPOBAHKUEM,
HO 3TO OIpOMHEIIIIas rojoBHas 00Jb. Sl yXe He FOBOPIO O TOM, YTO IOKY-
MEHTALIMIO, COMEPXKALIYI0O KOMMEPUYECKUE CEKPEThI, MU 3aKPBITYI0 UHGMOP-
Malldio B oOjakax pa3MmeniaTb puckoBaHHO. COBpeMEHHBIE TeXHOJIO-TUHU
QyOIMpPOBaHUS, Pe3EPBUPOBAHUS 1 XpaHEHUSI MHMOPMAIIUM HA Pa3TIMYHBIX
HOCHTEJISIX MOTYT CYILECTBEHHO IPOJINTh CPOKM €€ XpaHEeHUs, eCJIU TeM-
neparypa He npesbimaeT 60—80 °C, omHaKo MOBBILIEHUE TEMIIEPATYPHI 10
100 °C 1 0cobeHHO BO3HUKHOBEHME IMOXapa IMPUBOAUT K IOJHON IoTepe
uHpopMmauuu. B Mupe cerogHsi mMpokuM (pOHTOM BEAYTCS MCCIedoBa-
HUS 110 CO3MaHMIO TEXHOJIOTUI XpaHeHUs] MH(MOPMALIMU Ha BHICOKOTEMIIE-
paTypHbIX HOCHUTEJISIX, TAKUX KaK KBapll, IUIATMHOBBIE U BOJb(pPaMOBbIE
MOMJIOXKHU U T.1.

BoT Tak 1 poauiach y Hac ujes: a JaBaiiTe ciejacM aHaJIor ONTUYECKOIo
JIYCKa He Ha MOJMKapOOHATe, KOTOPHIA COBEpPLICHHO HEHaleXeH M0 BCeM
napaMeTpam, a Ha carnupe. KoHeuyHo, yHUKalIbHbIe (DM3UKO-TEXHUUYECKHUE
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XapaKTepUCTUKU carupa JaBHO IPUBJIEKAIOT BHUMaHUE UCCIeI0OBaTeICH.
CeromHsl IIMPOKO OOCYXKTACTCSI TEXHOJIOTUS XpaHEHUs] YHUKAJIbHOW WH-
dopmanmu, npeaaoxXeHHas GpaHIy3CKMMU MCCIeI0BaTeIsIMU, KOTaa MH-
dopmaLms XpaHUTCS B BUIAE MUKPOU300paKeHUI HA TOHKOM IIJIATUHOBOM
IUIeHKe, HaHeCeHHOM Ha carupoBblii auck auamerpoM 200 mm. Ilo cytu
3TO OOBIYHAs MUKpoduia Ha candupoBoM aucke. HaBepHoe, HalimyTcs
BaXXKHbIC TIPUMEHEHMST 3TOM TEXHOJIOTMHM, HO 3TO BO3BpaT K aHAJIOTOBHIM
TEXHOJIOTUSM, TPEOYIOIIMI CO3MaHUs HOBBIX JOCTATOYHO JOPOTUX TEXHU-
YECKHUX CPEICTB, ITOTEPSI YHUKAIBHBIX BO3MOXHOCTEH, KOTOPBIE JaeT -
poBoe mpencrapieHrue nHGopMaiiu. Mel ke ¢ BssueciaBom BacuiseBuueM
MOMBI-TaJIUCh IMPUMEHUTDH Call(UpOBBIC ONTUYECKHE TUCKU B COBPEMEH-
HBIX TUPOBBIX CUCTEMAaX XpaHeHUsT TH(MOPMAalIUU.

A BOT Kak cenath TaK, 4YTOObI BCE TOMAIITHUE CUCTEMBI, KOTOPBIE €CTh Y
KaxJIoro 1oMa WiK Ha padoTe, MOXHO OBLJIO MCIIOJb30BaTh C MUHUMAJb-
HOM MepefenKoit, YToObl OHA [TeXHOJIOTMs | OblIa peabHO MPUMEHMMA IS
LIMPOKOMACIITAOHOro MCIoJib3oBaHusA? PaKTUYECKU BCE 3TU IOAbl YILIM
Ha OTPabOTKy TEXHOJOTMYECKUX IIPOLIECCOB, KOTOPHIE IIPUBEIM YXKE K CO3-
JIaHUIO TIEPBOTO B MUPE HUGPOBOTo carndrupoBOro ONTUYECKOTO AUCKA IH-
ametpoM 80 MM, KOTOpBIII MOXHO YCTAaHOBUThH Ha JII0OO COBpPEMEHHBIN
OIITUYECKUI TUCKOBO/ II0CJI€ OUYEHb IIPOCTOM KOPPEKIIMU €r0 OITUIECCKOM
cxeMmbl. M, KoHEYHO Xe, yke B OuKaliliee BpeMsl Mbl U3TOTOBUM IIEPBYIO
napTuio candupoBbIX ONTUYECKUX TUCKOB AuaMeTpoM 120 MM mJIst IpoBe-
IECHUS UCIIBITAHUM.

Bot nmoueMy MbI TOrma ob6paTUINCh K uaee carndUupoBbIX IUCKOB. Beab
3TO YHUKAJbHBIA MaTepuaj, JaHHbIII HaM mpupogoii. OH I0 TBEPAOCTHU
yCTyMaeT TOJIBKO ajaMasy, a 0 XMMUYECKOI CTOMKOCTU U XKapOIpOYHOCTU
CYIIECTBEHHO €ro MpeBbIiIacT. OTIUYNUTEIbHON 0COOEHHOCTBIO U3AEIUI U3
candupa SBISIETCS KOMIUIEKC YHUKAIbHBIX CBOMCTB IJIS MCITOJIb30BaHMUS
X B 3KCTpeMalIbHBbIX ycioBusax. Camndup objamaeT BRICOKON TBEPAOCThIO,
XUMMYECKOM MHEPTHOCTBHIO, BBICOKOH TEIUIONMPOBOIHOCTHIO, IPO3pavyHO-
CTHIO B IIIMPOKOM CIIEKTPAJIIbHOM AUAITa30HE, COMPOTUBIISIEMOCTHIO TEPMMU-
YECKOMY PacTPeCKHUBAHMIO, U3HOCOYCTOMYMBOCTHIO, BBICOKOI TeMIlepaTy-
poit mnaBineHus. OH HOeaTbHO IIOAXOOUT JISI ONTUYECKUX OKOH IIpU
paboTe B 3KCTpEMasbHBIX YCIOBUSIX B BOGHHOM, HAyYHOU U I'paxkKAaHCKOM
cdepe UCIoIb30BaHMS, TIe MaTepyral padoTaeT MPOIOJKUTEIbHOE BpeMsl,
HE MEHSISI CBOUX CBOMCTB.

B Hacrosiee BpemMst HauboJee IIMPOKO MPUMEHSIEMbIMU METOIAMU BbI-
palIuBaHMs carupa sSBISIOTCS:
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— meton Kupomnymnoca (Rubicon, CIIIA; «MonHokpuctam», Poccus);

— meton CremanoBa (Kyocera, SIronHus);

— metof teruiooomMeHa (GT Advanced Tech, CIIIA).

B Vxpaune, B HTK «MHcTuTyT MOHOKpUCcTamioB» HAH YkpauHnbi, pas-
paboTaHa HOBasl TEXHOJIOTMS BhIpallMBaHMs OOJIbIINX KPUCTAJUIOB caru-
pa METOAOM TOpPU3OHTAJIbHOM HampaBieHHoU KpucTtamusauuu (ITHK) B
3alIUTHOI Tra30Boii cpeae. JlaHHas TeXHOJIOTUS CIIELIMaJIbHO ObLa pa3pa-
0oTaHa IJIs MOJyYeHMsT KPYITHBIX MOHOKPHUCTAJUIOB cardupa B popme mia-
CTUH C BBICOKMMM ONTUYECKUMU M CTPYKTYPHBIMU XapaKTePUCTUKAMMU.

Hogsag texnonorus meroma F'HK paeT BO3MOXHOCTb MOJIy4aTh KPUCTAJIBI
carcdupa BEICOKOTO OITUYECKOTO Ka4yecTBa U CTPYKTYPHOIO COBEPIICHCTBA
C PEKOPIHOM TOJIIMHON TJIACTUH MpUOAu3uTeabHO 80 MM M rabaputamu
500 x 350 MM2. Dra pa3paboTKa I03BOJIMJIA TAKXKE ITOBLICUTH PEHTAOEINb-
HOCTB Ipou3BoacTBa candupa u BeiBecTy Metol ' HK Ha nmepenoBbie mmo3u-
LM B MUPE M0 S9KOHOMUYECKOU 3(P(PEKTUBHOCTH.

Hnsg meroga T'HK xapakTepHbI cieayone OCHOBHBIE TIpeUMYIIICCTBa:

— BBICOKOE ONTHUYECKOE KaYeCTBO X OAHOPOIHOCTh ONTUYECKUX CBOMCTB
BO BCEM 00BbEMe KpUCTaIa;

— BO3MOXHOCTb BBIpAIlIMBaHMS OOJIbIIMX MOHOOJOYHBIX IIACTUH Call-
¢upa pazaIMYHBIX KpUCTALIOrpadUIecKUX OpPUEHTALMii, B TOM YHUCIE C
opueHTanueii (0001) Ha TOBEPXHOCTH, YTO HEBO3MOXKHO JJIsSI OOJIBIITMHCTBA
U3 MEePEYMCICHHBIX METOIOB;

— BBICOKHME TEXHMKO-3KOHOMMUYECKHE ITOKA3aTe/IM IPY BhIpAIMBAHUKM
KPUCTAJUIOB U M3TOTOBJICHUM M3 HUX ONTUYECKUX 3JIEMEHTOB OOJIbIIMX
pa3MepoB, TAKHE KaK:

— BBICOKMI TIPOIIEHT BBIXOAA FOJHOM MPOAYKINHM (BO3MOXHOCTh BhIpa-
LIMBAHUS KPUCTAJLIA MO OTIPEJeIEHHBIN pa3Mep U3JeNusl);

— HCTIOJIb30BaHNE MEHEE TOPOTOCTOSIIEH IITUXThl OTEYECTBEHHOTO IPO-
WU3BOJCTBA;

— TEXHOJIOTUYHOCTh Y IIPOCTOTA KPUCTAIM3ALMOHHOIO 000pYI0BaHMS,
a TakXke ymoOCTBO B ITOpe3Ke M 00pabOTKe IUIOCKMX 3arOTOBOK M3 BhIpa-
LIEHHBIX KPUCTAJLIOB.

O4eHb BaXXHBIM IPU UCIOJIb30BaHUU U3AEINIA U3 carndupa, HampuMmep B
Ka4yeCTBe ONTUYECKUX AUCKOB ULl XpaHEHUsI, pPACIIPOCTPAHEHUST U apXUBH-
poBaHUs LMGPOBOII MH(MOPMALIUK, SBISIETCS CTaOWIBHOCTh €ro XapakTe-
PUCTUK BO BpEMEHM, ONTUYECKOE U CTPYKTYPHOE KayeCTBO Marepuania, a
TakKXe Ka4yeCTBO 00pabOTKU MOBEPXHOCTU. I103TOMY 3TUM CBOMCTBaM cari-
(GUPOBBIX U3AEINI yaeIsIeTCs] 0C000€ BHUMaHUE. U3TOTOBJICHMS candupo-
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BBIX IUIACTUH pPa3jM4HBbIX pa3MepoB. [Ipu MCrojb30BaHUU candUpPOBBIX
IUVIACTMH B Ka4yeCTBE OINTHYECCKUX HOCUTeNel MHMopMaluu K GyHKIHO-
HaJIbHOM ITOBEPXHOCTH caridupa IMPeAbsBISIOTCS XECTKUE TEXHUYSCKUE
TpeOOBaHMSI: OTCYTCTBME HAPYIICHHOIO IIPUIIOBEPXHOCTHOTO CJIOSI M I10-
BEPXHOCTHBIX Ae(EKTOB, HU3KUIL YPOBEHb ILIEPOXOBATOCTU paboyeil Io-
BEPXHOCTU — IMOBEPXHOCTD ITOJIKHA OBITh 3e6pKaJbHO OTHOJMpOBaHa. M3ro-
TapBMBaeMble B HACTOSIIIMII MOMEHT M IIPOIICAIINE MCIBITAHUS
carndupoBbie TUCKU YAOBICTBOPSIOT HEOOXOAUMBIM TPEOOBAHMAM U MME-
0T CJICIYIOIIMEe TEXHUUECKME XapaKTePUCTUKH (CM. puc. 5).

PA3PABOTAH IOJIHBIY
TEXHOJIOTHYECKHH IIHKJI H3TOTOBJIEHHSA
CAIIPHPOBBIX IVIACTHH

JloCTHTHYTHIE TEXHHYECKHE XapaKTePHCTHKH:

« pasmep & 80 x 0,7 mm

+ IUIOTHOCTD AMCIOKALHI <10‘ oM CandupoBbie MIACTHHBL A8 OIITHYECKHX HO-
« noaymupuHa xpusoit kavauust (FWHM) — 6—9 yra. ¢ I mj:::Tcllcﬁ urdopuamm 380 0,7 204

* OTCYTCTBHE MAJIOYTJIOBLIX TPaiHi 610K0B 500 FWHM — <10 yrne

10"
—

* MIEPOX0BATOCTH NoBepxHocTH R, < 2A 400

* OTKJIOHCHHE paGoyeii TOBEPXHOCTH MOJLTOXKKH OT KPHC- 300
tannorpaduyeckoii ockoctr (10—12), (0001) ne Go-
aee 3—3 yri, MHH

+ onriveckas yicrora 20/10—80/50 no cranapry 100
USA MIL-0-13830

e, El

Puc. 5. CanbupoBbie TUCKY 1T ONITUIECKUX HOCUTEJIEH TOTOBPEMEHHOTO
XpaHeHus1 HbopMaIu

B uHCcTUTYTE CO3MaH ONMBITHO-IPOMBIILUICHHBIN YIaCTOK M3TOTOBJICHUS
OINTUYECKMX CaIl(PUPOBBIX TUCKOB. I1poU3BOACTBEHHBIN ILIUKII IIPEICTABIISI-
eT co00il MHOTOCTaINiHOE ITPOM3BOACTBO, HAUMHAS OT pocTa camdupa 1
3aKaHYMBasI IIOJIyYCHUEM TOTOBBIX ONITHYECKUX TUCKOB (pucC. 6).

Bnaromaps mmpokomy ¢hpoHTy uccienoBanuit uHcTUTYTOB HAH YKpau-
HBI MBIl MIM€EM IIpaKTUYECKN BeCh HA0OP BBICOKMX TEXHOJOTHMI [UISI CO3a-
HMSI B KpaTyalIllinid CpOK YPE3BBIYAMHO BAXXKHOIO IJISI COBPEMEHHOM WMH-
¢dopMaTUKM MPOAYKTa, KOTOPBHIM SIBISIIOTCS carl(pUpOBBIC ONTHYECKUE
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I Y4acTOK BHPANGBAHHA KPHCTALIOB ]
v

I Yuactok rtpc.lmapmwlmoﬁ MOPCe3KH KPUCTALIOB I

YuyacTox n3rotosscHus 3aroTosox & 80 mm ¢ kpue-
Tannorpacdyeckoit i (0001) na
HOCTH, TOMHOCTb OpRenTaiuy 3—5'
¥
| Y4acTOK OPE3KH 3ar0TOBOK Ha IMCKH
¥

| YuacTok oTKHra AUCKOB

P

I VYuactok mumiOBKH M NONHPOBKH AHCKOB Hus nracTiH candupa « Kamepron-500, ,ﬂ-‘!»‘,- pas-
paGoransad B HTK <MUMKs HAHY u marotop-
nennan B IIKB «/lorens

|

J .

] Ye XHMHKC °
J

| ‘YuacTox ¢pHHHIIHOM NOMMPOBKH cangHPOBLIX AHCKOB

AnannTiieckan 1aGopaToOpHA KONTPO/A KA4eCTBa CYIUIECTBYIOUIME MOIIIHOCTH
candMpoBLIX /IMCKOB OIBITHOTO MPOHU3BOJACTBA
¥ JIOCTATOYHEI

l JUI U3rOTOBJIEHHA

| ‘Y4acTOK OTMBIBKH H YIIAKOBKH J10 20000 IMCKOB B I'OJI

Puc. 6. OTIBITHO-TIPOMBIIIITIEHHBI yIaCTOK U3TOTOBJIEHUS ONITUYECKIX
candupoOBHIX TUCKOB

JIVICKM JIJ1 JOJATOBpPEeMEHHOTO XpaHeHus nHdopMmanuu. K takoit mHpopma-
LK, B IIEPBYIO 0Yepedb, OTHOCUTCS BECh CIIEKTP (PyHIaMEeHTAIbHBIX Hay4-
HbIX 3HAHMI, HAKOTUIEHHBIX YeJIOBEYECTBOM: HayyHast MHMOOPMALIKS O 3eM-
JIe, TeHeTh4YecKass MHMOpMAaLIKs CYLIECTBYIOIIEro OMOJIOrMYeCKOro MUpa 1
MHoroe apyroe. Takum oOpa3oM IpPOBEIEHHBIC MCCICIOBaHUS CO3IAIOT
BO3MOXHOCTb JTOJIFOBPEMEHHOTO COXpaHeHUs MHMOpMaluu B LUMPOBOI
dopMe Kaxk 1151 COBpeMEHHUKOB, TaK 1 [UISl HAIIMX JaJIEKUX ITIOTOMKOB.
bnaromapio 3a BHUMaHMe.

Ot pemakuun: MHTEpec K 3Toil paboTe B MUPE HACTOJBKO BEJIMK, YTO
uHTtepBblo akanemuka HAH VYkpaunnr B.B. IletpoBa «Canduponast Bce-
JIEHHas», ONMyOJIMKOBAaHHOE B TaseTe «3epKayio Hemean» 15 despana 2014
roja, B Te4eHue 5 nHei ObII0 MpoLuTHpoBaHo Ha 76400 caiitax Mupa.
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SAPPHIRE OPTICAL DISCS
FOR LONG TERM DATA STORAGE

Proc. of SPIE Vol. 9201 92010C-2, Optical Data Storage 2014.
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Abstract. Results of implementation of technical solution for long term data storage
technology on the basis of single crystal sapphire are presented. The effect of
birefringence on the distribution of the focused laser beam through a uniaxial
birefringent medium having a vertical orientation of the optical axis is analyzed. An
expression for the calculation of the geometric aberrations of the focused laser beam
in single-crystal substrate of the optical disc has been presented. It is shown that the
problem of data reading through a substrate of negative single crystal sapphire can be
solved by using for reading a special optical system with a plate of positive single
crystal materials. The experimental results confirm the efficiency of the proposed
technical solution.

Keywords: long term data storage, sapphire optical disc, birefringence, method of
aber-ration compensation, optical compensating element

1. INTRODUCTION

One of the major problems facing mankind is the preserving and
transmitting obtained knowledge to the succeeding generations. The optical
discs have a great potential for long term archival storage. In this regard,
special interest is the development and application of optical discs for the
long term archival data storage. However, the existing optical discs can not
provide the required level of reliability and data retention time due to the low
stability of the polycarbonate substrate [1], and not sufficiently high its
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adhesion to the metal layer. The variety of technical solutions is proposed for
technology of long term data storage which is based on using highly stable
materials for both substrate and recording medium. First designed and
manufactured optical discs had a substrate of silica glass [2]. Their data
retention time could not exceed of 20-30 years because of degradation with
time of recording layer based on chalcogenide glasses [3]. The cermets are
used as recording medium in long term optical M-discs of write-once format
with shelf life of 150-160 years [4]. A borosilicate glass is proposed as me-
dium of the disc substrate as well as refractory metals such as tungsten and
platinum are proposed to use for recording layer. An embossed micro-
structure on the surface is prepared by ion etching [5]. It is suggested to seal
tungsten alloy disc by silicon nitride [6] and to read the information from
platinum layer through sapphire windows [7]. The quartz is also proposed as
substrate of optical disc for long term data storage [8]. The establishment of
such data storage systems focuses on long term and reliable data storage,
rather than getting the limit values of density and large amounts of data
storage [5, 6, 8, 9].

Materials for the manufacture of optical discs having long term data
storage time must be chemically, thermally and mechanically stable. The
main element determining parameters of the optical disc is a transparent
layer (substrate) through which the information is reading and recording
layer on which information is recorded. Disc substrate is an external

Table 1. Physical and chemical properties of materials suitable for the manufacture
of optical discs for long term data storage

Sapphire Quartz Fused Yttrium | Magnesium Diamond
Material (ALO3) (Si0y) quartz aluminum | aluminate ©
Parameters (Si0y) garnet (MgAlL04)
(Y3A1501)
State of matter Crystalline Crystalline | Amorphous | Crystalline | Crystalline | Crystalline
Optical type of crystal Negative Positive - - - -
Mohs hardness 9 7 53-6,5 8,5 8 10
Fusing temperature (K) 2300 1960 1350 2210 2400 1100
(softening) (burn down)
Thermal conductivity ~34 3 1,3 14 15 3200
coefficient £ (W/(mK))
Coefficient of linear 5,6 0,55 0,55 8,0 7,5 1,0
thermal expansion a*10¢
(1K)
Chemoresistance 1* 2% 3* 1* 3* 1*
Resistance to UV Not degraded | Not degraded | Degraded Not Not Not degraded
radiation degraded degraded

* Corresponding author: kryuchyn@ipri.kiev.ua
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unprotected layer and it defines the types of materials and technologies that
can be applied in the deposition of the recording layer, so the choice of the
substrate medium is the key element in development of technology of long
term data storage. Table 1 shows characteristics of the materials that can be
used for manufacture of optical disc substrate. In Table 1 the following
designations are used: 1 — soluble in concentrated solutions of fluoride salts
(such as, BaF,, MgF,, PbF,, and oxides) at very high temperatures
(> 1000 °C); 2 — soluble in alkaline aqueous solutions at high temperatures
(> 300 °C) and solution of hydrofluoric acid; 3 — soluble in aqueous alkaline
solutions and solution of hydrofluoric acid. From the Table 1 one can see
that for long term data storage it is appropriate to apply a substrate from
highly stable single crystal materials.

2. METHOD OF ABERATION COMPENSATION
IN SAPPHIRE OPTICAL DISC

The analysis of existing highly stable uniaxial single crystal materials has
demonstrated that the best material for the optical disc substrate is
leucosapphire [9, 10], on the internal surface of which the information micro
relief structure is formed [5, 9, 10] since it has a high chemical stability, its
wear resistance is 8 times greater than that of steel, it is thermally stable up to
1600 °C and it is optically transparent in the range from 0.17 microns to
5.5 microns [11]. In addition, sapphire is the hardest material being made of
cheap components, and technology for growing single crystals sapphire is
simple and affordable process. The sapphire substrate on which information
is recorded in the form of a microrelief structure, and the data are read
through the sapphire substrate can be a key element of technology for optical
data storage with high reliability and long shelf life [9, 10]. Thickness of the
substrate may be 0.4-1.2 mm, which provides sufficient mechanical strength
to the carrier.

The disadvantage of sapphire is its optical anisotropy (birefringence) and
as a consequence, the complexity of the optical scheme for reading
information in the sense of the aberrations compensation caused by the
anisotropy. The sapphire birefringence causes the wavefront distortions of the
scanning laser beam as it passes through the optical disc. This is cause by the
difference in optical path of light rays with different polarization that makes
impossible to use the standard optical system for information reproducing
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from the optical disc with a birefringent sapphire substrate. The 0001
orientation of the axis of sapphire single crystal parallel to the optical axis of
the optical head will results in a constant magnitude of aberrations during
rotation of the optical disc. However the resolution of the optical system
drops 4.3 times for the case of CD with suppire substrate due to birefrigence.
The resolution falls further with an increase of numerical aperture.
Accordingly, the use of the birefringent single crystal sapphire as substrates
for optical discs requires a change of standard optical readout system to
compensate the aberrations created by rays with different polarization. This
minimization of the polarization effect can only be applied to those optical
discs manufactured from uniaxial birefringent sapphire with the optical axis
orthogonal to the disc surface.

Sapphire substrates have significant birefringence An,, (n, = 1.780, n, =
1.772, Ang,, = n, —n,= =8 - 10-3 at A = 442 nm), which leads to significant
aberrations when focusing the laser radiation through the sapphire substrate
of optical disk. Phase distortions of extraordinary wave (p-polarized) occure
when the focused laser beam fall on single crystal sapphire substrate. The
wavefront distortion can be calculated by formula [12]

) 2 2 4 6
s, (M), o)A s
L) NA n A n 2\ n 8\ n

][ ) (1)

where NA is numerical aperture of objective lens, x = r/r,. From Eq. (1) one
can see that phase distortions are superposition of astigmatism and spherical
aberrations of various orders. In Eq. 1 is assumed that birefringence is small
so it changes only the phase velocity but not direction of propagation of
beam in birefringence layer. For large birefringence the Eq. 1 should be
corrected. The first main term in Eq. (1) represents polarization stipulated
astigmatism aberration. This aberration results in that the s-and p-polarized
light will be focused at a different depth. The distance between focal points of
the two beams is defined as follows [12, 13]:

AF=2HAn/n,, (2)

where H is the thickness of optical carrier substrate. From Eq. (1) follows
that the distance between two focused spots (spots of s- and p-polarized
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beams) is in several times larger than the depth of focus of readout optical
system . Analysis of Eq. (1) has shown that the astigmatic aberrations caused
by the anisotropy of the sapphire substrate can be copensated by using an
additional compensating plate with a positive uniaxial material (opposite to
the sapphire). Hence the first main condition for compensation plate is that
it should have birefrigence of oposite sign to birefrigence of substrate.
Schematic representation of the method of compensation of aberrations is
shown in Fig. 1-4. From Eq. (1) follows that higher order aberration depends
on parameter NA/n, and in the case of large difference in that parameter the
higher order aberrations would not be well compensated. Therefore the best
compensation scheme of aberration caused by substrate birefrigence would
be obtained when this parameters for optical substrate and compensation
plate are approximatly equal. Accordingly, the second main condition on
medium of compensating plate of optical readout system is that the refractive
index of the compensating plate should be approximately equalsto the
refractive index of the substrate of the optical carrier n,.

Focusing laser beam passed through iniaxial layer aquires spherical and
astigmatism aberreaion. In the case of using standart readout optical system
the beam passing through sapfier and compensation plates should have the
same spherical aberration as beam passing through polycarbonate layer of
standart optical disk. This condition can be written as follows:

n’, -1 H, nl -1 H A H
171(3 N, Af‘ pie _ Moy N Af‘ s n[‘um3 N, A; com (3)
8. A 8ny, A 8n;,, A

where n,, is refractive index of polycarbonate, H,, is thickness of poly-

carbonate substrate, nspf is average value of the refractive index of sapphire

Fig. 1. Schematic
representation

of aberration

compensation:

1 — objective lens,

2 — sapphire substrate,

3 — optical axis, 2

4 — extraordinary ray, , ,
5— ordinary ray, g ’ S
rv ay i VT

. ¥
CEh v 4 f T [Hem

6 — compensating plate
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between the ordinary and extraordinary rays, H,, is thickness of sapphire
substrate, ncom is average value of the refractive index between ordinary and
extraordinary rays for the material used for the manufacture of the
compensating plate, H,., is thickness of compensating plate, NA, is
numerical aperture in region behind the objective, NA, is numerical aperture
in the region where compensating plate is placed, A is wavelength of laser
radiation. Condition of astigmatism aberration compensation in general
form can be written as:

H;’”" An,,, + NA; %Anm =0, (4)

spf com

AD = AD, + AD, = NA’

where Ang, and An,, are differences of the refractive indices for the
extraordinary and ordinary rays of sapphire and material of compensating
plate, respectively. Fig. 2 shows a modified optical scheme of readout system.
The modified optical scheme differs from the standard scheme by an
additional compensating plate 6, which is situated between the lens and the
carrier. During the data reproducing tte laser beam imitted by a laser diode
(1) passes through the diffraction grating (2), a quarterwave plate (4) and the
beam splitter cube (3) to an objective lens (5). The objective lens focuses the
laser beam through compensating plate (6) and media substrate (7) to the
relief structure of information media. Presence of single crystal compen-
sating plate leads to the fact that ordinary and extraordinary beams are
focused at the same plane.
It is not always possible to insert compensation plate between objective
lens and substrate of optical disk. In
—\ ﬂ this case different optical schems
3 for birefringence related aberration
/_ compensation is required. Fig. 3
4 shows the modified optical scheme
of readout system in which com-
pensating plate is placed between
diffraction grating and the beam-
splitting mirror. During data
reproduction, the laser beam from a
laser diode (1) passed through the

Fig. 2. Modified optical scheme
of readout system
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10/
Fig. 3. Modified optical scheme of readout system in which compensating plate
is placed between diffraction grate and beam-splitting mirror: / — laser diod,
2 — diffraction grate, 3 — beam-splitter mirror, 4 — compensating plate,
5 — collimating lens, 6 — quarter-wave plate, 7 — objective lens, & — optical
disc, 9— cylindrical lens, /0 — photodetector

diffraction grating (2), compensating plate (4), beam-splitting mirror (3),
collimating lens (5) and quarterwave plate (6) and is directed onto the
focusing objective lens (7). The focusing lens focuses the laser beam through
a carrier substrate (8) on the microstructure relief of information layer. The
presence of a compensating plate (4) made of uniaxial single crystal material
leads to the compensation of optical path difference between s- and
p-polarized rays and focusing them in one focal plane in sapphire substrate
(8). Because the modulated laser beam does not pass on the back way
through the compensating plate (4) on the photodetector (10) is irradited by
astigmatic laser beam due to the birefringence of the sapphire substrate.

Fig. 4 shows another modified optical scheme of readout system in which
compensating plate is placed between beam-splitting mirror (3) and
collimating lens (5). In this optical scheme correctly focused beam
illiminates the photodetector (10) because the laser beam pass through the
compensating plate (4) also on the way back back from optical disk.
Deviations of the extraordinary ray when it propagates through the optical
disc substrate is compensated by deviations in the opposite direction when it
passing through the compensating plate. This makes it possible to reduce the
influence of birefringence in optical carrier substrates to a minimum.
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5 6

4 N\

10,/

Fig. 4. Modified optical scheme of readout system in which compensating
plate is placed between beam-splitting mirror and collimating lens: /7 — laser
diod, 2 — diffraction grate, 3 — beam-splitter mirror, 4 — compensating plate,
5 — collimating lens, 6 — quarter-wave plate, 7 — objective lens, & — optical
disc, 9 — cylindrical lens, /0 — photodetector

It should be noted that the divergence angle of the laser diode beam is not
large and hence numerical aperture NA, is usually significantly smaller than
outout numerical aperture NA, of objective lens. Hence the parameter NA/n
at compensation plate also would be significantly smaller than at substrate of
optical disk. That fact results to the small compensation of higher orders
aberrations in these optical schems. Therefore the quality of aberration
compensation in optical schemes shown on Fig. 3 and Fig. 4 would be worse
that that of optical scheme on Fig. 2.

Table 2 shows examples of single crystal materials which can be used to
manufacture of the optical media substrate and the compensating plates. The
positive single crystal quartz (n, = 1.544, n, = 1.553, An,,, = n, — n, =
—9 - 10-3) is best choice for the medium of the compensating plate in optical
scheme shown on Fig. 2 since it has rifrractive index close to refrractive
index of sapfiere and its birefrigence is not large and approximatly equals to
that of sapphire. The condition for astigmatism aberration compensation in
this case can be written as:

H_ H,
2L An,,, +—25Any, =0, (5)
nspf kvr

where H,,, is the thickness of quartz compensating plate.
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Table 2. Examples of single crystal materials which can be used to manufacture
of the optical media substrate and the compensating plates

Parameters
Material
n, n, An=n,—n,
Sapphire (Al,05) 1,765 1,757 —0,008
Single crystal quartz (SiO,) 1,542 1,551 +0,009
Orthovanadate (YVO,) 1,993 2,212 +0,219
Rutile (TiO,) 2,574 2,860 +0,286
Zircon (Z1SiO,) 1,960 2,015 +0,055

Conditions for obtaining optical system with minimal residual aberrations
for CD on the basis of high-stable single crystal sapphire substrate and single
crystal quartz compensating plate (optical sheme on Fig. 2) can be written as
[13]:

1) H,,,/ H;,; =0.62-0.72,
2) H,,,+ H,,= H,,, £5%,

sum —

3) | Reom — nsubl < 035

where H,,, is thickness of the polycarbonate substrate. The first condition is
condition of the astigmatism compensation, the second is condition that
spherical aberration of optical scheme with compensation plate is the same
as polycarbonate substrate (it is approximate condition), the third is
condition of large and surficient for optical recording compensation of
higher-order aberrations.

Table 3 shows examples of constructional parameters (thickness) of the
disc with sap-phire substrate and quartz compensating plate for different

formats of optical data storage.

Table 3. The thickness of sapphire and quartz layers for various formats optical discs

The thickness The thickness Uncompensated
Type of media of sapphire substrate of quartz plate aberration AD/®,,
(mm) (mm) 100 %
CD 0,714 0,486 1
DVD 0,357 0,243 1,6
CD (for reading
at a wavelength 0,714 0,486 0,3
of AL =400 nm)
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In the case of using standard optical information reading system the total
thickness of quartz compensating plate and the sapphire substrate to be
approximately equals (condition 2) to the thickness of the polycarbonate
substrate [13]. This condition is not rigorous, but it is sufficiently precise for
the engineering calculations of the optical system.

It should be noted that in the case of DVD-format the compensating
quartz plate is very thin, which can lead to a reduction of reliability of data
storage and causes difficulties during its manufacture. It was suggested to
solve this problem by using optical schem shown on Fig. 3 or Fig. 4:
1) choose a material with a higher value of birefringence An,,, and 2) place
the compensating plate in that part of the optical scheme, which has a
smaller value of numerical aperture NA, = 0.107 (in DVD format numerical
aperture NA,is 0.6 at the point behind the lens) .

Table 4 shows examples of single crystal materials with a higher An,,,
which can be used to manufacture of the compensating plates.

Table 4. Examples of single crystal materials which can be used to manufacture
of the compensating plates (A = 650 nm)

Material Parameters
n, n, An=n,—n,
Yttrium orthovanadate (YVO,) 1,993 2,212 + 0,219
Rutile (TiO,) 2,574 2,86 + 0,286
Zircon (ZrSiO,) 1,96 2,015 + 0,055

For example, in the case of sapphire substrate and yttrium orthovanadate
compensating plate the condition of spherical aberration compensation
when reading at A = 650 nm can be written as:

1= 1,68H,,+0,00163Hy,, ™)

where Hyy, ’ is the thickness of yttrium orthovanadate compensating plate.
The condition of astigmatism aberration compensation in this case (NA, =
0,107) can be written as:

HYV04/Hspf =1,59. ()

Table 5 shows the values of the thickness of sapphire substrate and
compensating plate, depending on the materials used and the reading
parameters (reading at a wavelength A is 650 nm).
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Table 5. Constructional parameters (thickness) of the sapphire substrate
and compensating plates

. Constructional parameters
aiﬁ?ﬁ ) Thickness of the sapphire Thickness of the compensating plate (mm)
substrate (mm) Sio, YVO, | TiO, | zrSio,
0,107 0,58 12,45 - - -
0,1 0,58 14,29 - - -
0,107 0,59 - 0,94 1,23 3,49
0,1 0,59 - 1,11 1,35 3,99

It should be noted that in the case of using first compensation scheme
with yttrium or-thovanadate plate for DVD (NA = 0.6) its thickness Hyy, } is
0.03 mm which is difficult to manufacture. However this scheme gives
significantly better compensation of aberration caused by birefringence in
optical carrier substrates.

3. EXPERIMENTAL RESULTS

The information (in a standard CD-ROM format) was recorded (at 2X
speed) on photo-resist layer with thickness of 150 nm deposit on sapphire
disc having a thickness of 0.7 mm and a diameter of 80 mm by audio
recording laser station established at the Institute for Information Recording
of NAS of Ukraine. A single-mode semiconductor laser QLD-405-100S
(405 nm, 100 mW) was used as a source of coherent light. Power of the laser
beam at the output of the lens was 3 mW. Etching time of the photoresist
layer in an alkaline etchant consisted 7 seconds. A modified optical ROM
drive Plextor PX-891 SA was used for the optical system test. Reading was
performed according to the optical scheme shown in Fig. 2. The standard
reading device modification is consisted in fixing a compensating quartz
plate (with vertical orientation of optical axis) having a size 5x5x0.5 mm to
the objective lens by gluing method.

The results of test pointed out that the quartz compensating plate allows a
robust data retrieving in the case of reading data through sapphire substrate
by a standard optical drive. Figure 5 demonstrates the result of test obtaining
by Nero CD-DVD Speed program, from which one can see that the disc
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does not have uncorrectable errors C2, but there are small numbers of

correctable errors Cl1.

The experiment has pointed out the possibility of full compensation of
polarization stipulated wave front distortion of the sapphire substrate. The
individual method of sapphire substrates manufacture allows obtain more
accurate substrate thickness than in injection molding process of polycarbo-
nate optical discs. The transparency of sapphire in the ultraviolet range
allows using shorter wave radiation for recording and reproducing infor-

mation.
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Fig. 5. The results of the test of retrieving data through sapphire substrate reading out
by modified standard reading device. The results obtained by Nero CD-DVD Speed

program
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4. CONCLUSIONS

1. It has been considered the effect of birefringence on the distribution of
the focused laser beam through a uniaxial birefringent medium having a
vertical orientation of the optical axis. An expression for the calculation of
the geometric aberrations of the focused laser beam in single-crystal
substrate of the optical disc has been presented.

2. The permissible levels of the anisotropy were calculated for optical discs
of different formats allowable thickness discs of different formats and the
maximum thickness of sapphire optical discs in which there is no significant
signal distortion have been demonstrated.

3. The method of compensating aberrations when reading data from
uniaxial birefringent medium was developed. The basic parameters of rea-
ding out system for the sapphire disc with a vertical optical axis orientation
were calculated. The structural parameters (thickness) of the optical disc
sapphire substrate and quartz compensating plate of different formats were
presented.

4. An experimental verification of the method of the aberrations
compensations which showed that the quality of images obtained through the
glass and sapphire plate with compensation, virtually identical has been
performed. Thus, the application of the compensating quartz plate further
allows read information from the optical sapphire disc for information
retention.
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Abstract. One of the actual problems today is the creation of long term data storage
systems. This paper presents the research results that allow implementing technical
solution proposed by the authors of this work a few years ago to create long term
storage optical discs based on single crystal sapphire. It is shown that the problem of
data reading through the anisotropic substrate can be solved by using single crystal
optical compensating elements. The experimental results confirm the efficiency of
the proposed method of aberration compensation for long term data storage sapphire
media.

Keywords: single crystal sapphire, optical sapphire disc, long term data storage,
method of aberration compensation, optical compensating element.

1. INTRODUCTION

Optical discs are widely used in data storage for storage, dissemination
and archiving digital information. In nowadays particular special interest is
the application of optical disk for the long-term archival data storage.
However, the existing optical discs can’t provide the required level of
reliability and data storage time due to the low stability of the polycarbonate
substrate [1], and insufficiently strong adhesion of a metal layer with a
polycarbonate substrate. To solve the problem of long-term storage is
proposed to use a variety of technical solutions, which are based on the using
highly stable materials for the recording media and the media substrate.

In optical write-once discs for long-term storage (storage period is 150-
160 years), so-called M-drives offered used cermets as recording medium
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[2]. It is proposed to use a borosilicate glass, an relief microstructure on the
surface is obtained by ion-beam etching [3], refractory metals such as
tungsten and platinum. Silicon nitride is proposed to seal tungsten discs [4],
and information from platinum substrates read through the sapphire
windows [5]. To create optical media for long term storage is also proposed
to use quartz substrates [6].

For long-term data storage it is appropriate to apply a substrate from
highly stable single crystal materials [7]. However, most of single crystal
materials have a significant anisotropy which manifests himself in optics as
birefringence. The birefringence cause aberration distortion of scanning
beam as it passes through the optical disc due to the difference in the path of
rays of light with different polarization. Presence of polarization aberration
makes it impossible to use standard reading systems for reproducing
information from an optical disc with single crystal substrate. Therefore, the
use of single crystal materials as substrates of optical discs for long-term data
storage requires optical system modification to compensate the arising
geometric aberrations. Investigation of existing highly stable uniaxial single
crystal materials showed that the best material for optical disk substrate is
leucosapphire [7] since it has high chemical stability; its wear resistance is 8
times more than of steel, sapphire is thermally stable up to 1600 °C and is
optically transparent in the range from 0.17 microns to 5.5 microns [8]. In
optical recording systems can be applied only optical uniaxial birefringent
discs, the optical axis of which is orthogonal to the disk surface.

This paper describes the aberration compensations of an information
reading system from an optical disc substrate which is made of uniaxial
optical single crystal material, the optical axis of which is orthogonal to the
substrate surface. The developed method of aberration compensation was
applied to the long term sapphire optical disc and the basic parameters of
optical system for reading information and optical disk are evaluated.
Experimental verification of the developed method was carried out.

2. THEORETICAL BACKGROUND AND CALCULATIONS
2.1. The propagation of laser focused beam through anisotropic medium

Let us consider the propagation of a focused laser beam through a single
crystal substrate (Fig. 1). We assume that 1) the crystal optical axis is oriented
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Optical axis

n (nos n:)

Fig. 1. Propagation of laser focused beam through a monocrystal substrate

orthogonally to the substrate surface and 2) reading and recording processes
are performed using standard objective lens of optical device of specified
format (CD, DVD and BluRay). These standard optical objective lenses
compensate the spherical aberration of the substrates of standard format
disk, which do not have optical anisotropy.

Let us consider the difference between the optical paths for s- and p-
polarized light beams, the value which characterizes the amount of
aberration caused by birefringence. The aberration is due to the fact that at
obliquely incident on the disk s- and p-polarized beams have different phase
velocity. The value of difference between optical paths of the s- and
p-polarized light (polarization aberration) will increase with increasing the
angle of beam spreading 0,,. Another feature of the beam focused into
birefringent plate is that the division of light on the s- and p-polarization is
local. That is the amplitudes of the s- and p-polarizations are functions of
the coordinates on the surface of the lens and the polarization of the laser
beam. Incident optical radiation with a fixed polarization may be either s- or
p-polarized depending on place where it falls onto the lens (with respect to
the lens surface). In this connection arising aberrations can be compensated
only by optical elements which are sensitive to the light polarization, that is,
by elements with optical anisotropy.
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Dispersion of anomalous beam (p-polarized) can be written as [9]:

n = no (1)

p (2 2 ’
n,—n>) .
\/1+° . e)smzHZI
n

e

where 7, is index of refraction of the ordinary ray, n, is the index of refraction
of the extraordinary ray (see Fig. 1).
Normal beam has no dispersion and therefore:

p—— 2

Difference between optical paths of s- and p-polarized beams, as shown
Fig. 1, can be written as [10]:

.2
AD, =L (k)= 27 S0
cosé,, A cosb,,
sin” 6,, , R
in2 2z X NA
27y Sin_ Gy sin® Opan =" H——= (n] An =
A sin® 6, ., o[ NA 2
l—fsln 022 1-x
sin” 6,, n,
27 (N4 Y 1(Na Y 3(Na Y
=2 H|| x| 4= X| +=|—x| +..|An )
A n, 2\ n, 8\ n,

where k, is wave vector of the extraordinary ray, k, is wave vector of the
ordinary ray, H is thickness of the substrate, An is difference in the refractive
indices of the ordinary and extraordinary rays in the substrate material (An =
ny—n,), NA is numerical aperture (NA = n,sin6,,), is refractive index of the
substrate, x = (sin0,,/sinb,,).

Formula (3) shows that the phase distortion has a complex dependence on
the angle of incidence and represents a superposition of astigmatism and
spherical aberrations of different orders. The first term is most significant in
formula (3). It determines the difference in focal length of s- and p-polarized
light beams (astigmatism) that leads to the two focused light spots. From Eq.
(3) follows that the distance between the centers of the light spots of s- and
p-polarized beams is:

AF=2HAn/n,. 4)
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Fig. 2 shows distribution of the intensity of the laser beam in the
meridional plane for different values of the anisotropy [10]. From these
graphs we can see that a small anisotropy blurs light spot and its blurriness
increases with an increase of anisotropy and the thickness of the substrate.
For large values of the anisotropy, when the distance between the centers of
the spots is comparable to the depth of focus (AF > An,/ NA?), there are two
light spots formed by light beams with different polarization.

To determine allowable values of the anisotropy of the sapphire substrate
(|An = ny—n,|) at which the focused laser beam is a diffraction limited (a
necessary condition for the optical system of optical information recording

An =0 x 107

An = 15 x 107

Fig. 2. The intensity of the laser beam in the meridional plane of the anisotropy
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device) the dependence of the light intensity at the center of the light spot on
the magnitude of An for optical disc CD, DVD and BD formats was
simulated. Strehl ratio was chosen as a criterion of diffraction limited optical
system. We also evaluate the possibility of using the optical system with a
laser having wavelength of A = 405 nm and numerical aperture of NA = 0,26
for reading a data in CD format through sapphire substrate. Simulation
results are shown in Table 1.

Table 1. The permissible level of anisotropy for different optical disc format

Type of media A NA ng, max A [10% max A A

CD 780 0,45 1,78 2,5%1073 | 7,3*10* | 8*103
DVD 650 0,60 1,78 2,4%¥103 | 7,1*104 | 8*103
BD 400 0,85 1,78 2,710 | 7,9¥104 | 8*1073
CD/BD 400 0,26 1,78 3,1¥103 | 8,8*10* | 8*10-3

In Table 1 maxAn, is maximum possible deviation of the refractive index
to have diffraction limited optical system. From the presented data it is clear
that any formats can not use a sapphire substrate having an orthogonal
orientation of the optical axis to the surface of the disc directly without
additional compensation system, because this leads to aberrations which
greatly exceed the permissible value maxAn,.

Also spherical aberration occurs at the propagation of a focused laser
beam through an optical disc due to the difference in refractive index of
sapphire and polycarbonate. It is known that the plane-parallel layer
introduces spherical aberration into the passing therethrough it light beam.
The amount of spherical aberration can be calculated by the formula [9]:

o |
_12”0 - NA4£1’4. (5)
A 8n, A

From (5) one can see that the magnitude of aberration depends on the re-
fractive index as a function (n¢ — 1)/8n3, whose graph is shown in Fig. 3.

Since sapphire and polycarbonate have different indices of refraction
(nog,r = 1,78038, ny,,. = 1,58), then the sapphire disk should have different
from polycarbonate disk thickness to have the same spherical aberration (for
using standard optical system for reading information). From the graph it

65



V. V. Petrov, V. P. Semynozhenko, V. M. Puzikoo, A. A. Kryuchyn, A. S. Lapchuk ...

0,05

can be seen that at the n = 1,7 the
spherical aberration has broad max- 004
imum and weakly depends on the i
. . 003
refractive index and so one can be = /
expected only slight differences in 002 //
the magnitude of spherical aberra- /
tion for the two disks with the thick- 7
ness. 0,00 T T T T
1.0 12 14 16 1.8 2,0
2.2. Method for compensating Fig. 3. The dependénce of the
aberrations of focused laser beam spherical aberration &/ on the

Let us consider a possibility of refractive index #,

compensation of the aberration due
to anisotropic disc medium (uniaxial crystal with an orthogonal orientation
of the optical axis to the disk surface) by an additional layer of a uniaxial
material and having a vertical orientation of optical axis. The resulting
aberration is total aberration of each layer and therefore may be expressed
from (3) as follows:

AD = AD, + AD, = kszAz(izlAnl + iAn2 +

2
1 n,

+NA2[i41Al’ll +H—fAn2J+...J, ©)
n n,

where H, and n, are thickness and refractive index of the additional layer
respectively, H, and n, are thickness and refractive index of the disc substrate
respectively. From formula (7) you can see that in the case of using standard
objective lens the substrate aberration can be considerably compensated if
the additional layer has a refractive index value n,, n, inverse to the refractive
indices of sapphire. If the substrate material of optical disc and material of
additional layer are close in value of the index of refraction for the ordinary
ray n,, you can actually achieve total compensation for aberration caused by
the anisotropy of the disk substrate. Otherwise, the compensation will be
partial. Investigation of available transparent uniaxial optical crystals showed
that the best material for compensating of sapphire substrate aberrations is
quartz, which has the following indices of refraction: n, = 1,5443, n, =
1,5534. Schematic representation of the compensation method of
aberrations is shown in Fig. 4.
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Objective lens

Quartz plate HM
Extraordinary ray
, Ophcal
(p-polarization)
Sapphire d.lsc !,,Iﬂ

Ordinary ray X . . .
Fig. 4. Schematic representation of the ordinary

and extraordinary rays propagation

(s-polarization)

In the case of using standard optical information reading system
(information is recorded in CD-format) relative value of spherical aberration
of sapphire disc with quartz compensator having the same thickness as
polycarbonate layer can be calculated as follows formula:

ol ol

spf ple

7)
A 1 (
“5 —0,0073,

A

from which is clear that difference is small and sum of quartz and sapphire
disk should be equal to thickness of polycarbonate disk. Table 2 shows the
permissible value of thickness of substrate for different disc formats and the
maximum thickness of the sapphire optical disc in which there will be no
significant distortion of the signal due to the high orders spherical aberration
of the focused reading beam.

Table 2. The values of spherical aberration for sapphire and polycarbonate layers

Type 2 +H, The maximum value of H for which sapphire
. NA
of media pm can be replaced by polycarbonate, mm
CD 780 | 0,45 100 10
DVD 650 0,6 30 3
BD 400 | 0,85 3 0,3
CD/BD 400 | 0,26 900 90,0
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The data show that an increase of numerical aperture NA leads to a rapid
increasing of value of high order spherical aberrations. It imposes rigorous
limitations on the possible thickness of BD format optical disc, which can
have sufficient compensation level of aberrations for optical recording by
quartz plate. From data above you can see also that the difference of
spherical aberration for sapphire and polycarbonate discs is negligible for
layer thickness of standard optical disk and therefore does not impose
additional restrictions on the use of sapphire as a material for optical disk
substrates.

Thus the conditions for obtaining composite layer (sapphire and quartz
layers) with minimal residual aberrations can be written as

1) H,,/ H,, =0.62-0.72;
2) Hkvr+ I—Ispf = flsum x5 %3
3) | Aoom — nsubl < 03’

where H,, and H,,are thickness of quartz and sapphire layers respectively,
n,,, and n,, are refraction index of compensating plate and disc substrate
respectively. The first condition is condition of the astigmatism
compensation (the first term of formula (3)), the second is condition for
compensation of spherical aberration of plane-parallel substrate (the second
term of formula (3)), the third is condition for sufficient for optical recording
compensation of higher-order aberrations, H,,, is thickness of the poly-
carbonate substrate.

Table 3 shows examples of constructional parameters (thickness) of the
disc with sapphire substrate and quartz compensating plate for different
formats of optical data storage.

Table 3. The thickness of sapphire and quartz layers for various formats optical discs

The thickness The thickness Uncompensated
Type of media of sapphire of quartz plate aberration
substrate (mm) (mm) AD/D, 100%
CD 0,714 0,486 1
DVD 0,357 0,243 1,6
CD (for reading at a wave-
length of A = 400 nm) 0,714 0,486 0,3
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In the case of using standard optical information reading system the total
thickness of quartz compensating plate and the sapphire substrate to be
approximately equals (condition 2) the thickness of the polycarbonate
substrate (due to the broad maximum of spherical aberration at n, = 1,7 and
a symmetrical arrangement with respect to the maxima of the refractive
index of quartz, sapphire, and polycarbonate - eq. 7). This condition is not
rigorous, but it is sufficiently precise for the engineering calculations of the
optical system. In principle, the equation (3) can be use to obtain more
stringent condition for spherical aberration compensation. Note that in the
case BD-format compensating quartz plate is very thin, which can lead to
reduced in reliability of data storage on such media and causes difficulties
during its manufacture.

Fig. 5 shows a schematic diagram of optical information reading system
from optical media [11]. During data reproducing laser light is generated by a
laser diode (1) through the diffraction grating (2), a quarter-wave plate (4)
and the beam splitter cube (3) is directed to a focusing objective lens (5). The
focusing lens focuses the laser beam through compensating plate (6) and
media substrate (7) to the relief structure of information media. Presence of
single crystal compensating plate leads to the fact that ordinary and
extraordinary beams are focused by focusing depth in one plane.

"\

Fig. 5. Information reading system from optical media
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3. EXPERIMENTAL RESULTS

Fig. 6 shows the results of the
experimental verification of the method.
The pits of CD format were recorded on
chrome disc and photo was taken through
the sapphire plate with thickness of 1 mm.
The images were performing by a micro-
scope having a 3 mm cover glass and
numerical aperture NA = 0,5. In the first
case (Fig. 6 (a)) the image was taken
through a 3 mm glass plate. In the second
case (Fig. 6 (b)) sapphire plate was
supplemented without a compensation of
astigmatism and therefore we used a cover
glass of thickness 2 mm to have a total
thickness of all plates of 3 mm. In the
third case (Fig. 6 (¢)) an additional quartz
plate with a thickness of 0.7 mm was
placed for compensation of astigmatism
of sapphire substrate and therefore the
cover glass of thickness 1.3 mm was used
to have a total thickness of all plates of
3 mm.

From Fig. 6 one can see that the image
quality through the glass plate and sap-
phire plate with compensation is almost
the same. However in the case of image
taking through a sapphire plate without
compensation we received a blurred
picture with significant distortions.

4. CONCLUSIONS

Fig. 6. Images of CD structure
through: @ — 3 mm glass plate,
b — sapphire substrate without
using the quartz compensating
plate and ¢ — sapphire substrate
using the quartz compensating
plate

1. The influence of axial birefringence on the propagation of focused laser
beam through uniaxial birefringent media with vertical optical axis is
investigated. The expression for calculating the geometrical aberrations of
focused laser beam in single crystal substrate of optical disk is obtained.
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2. The permissible level of anisotropy for different optical disc format, the
permissible value of thickness for different disc formats and the maximum
thickness of the sapphire optical disc in which there will be no significant
distortion of the signal are calculated.

3. The method of aberration compensation for reading of information
from uniaxial birefringent media with vertical optical axis was developed.
The basic parameters of reading system from sapphire disc with vertical
optical axis are calculated. Constructional parameters (thickness) of the disc
with sapphire substrate and quartz compensating plate for different formats
optical disks are represented.

4. Experimental verification of the compensation method was performed.
It is shown that the image quality through glass plate and sapphire plate with
compensation is about the same. The experimental results showed that the
use of additional compensating quartz plate allows us performing the
information reading from optical sapphire disks.
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Abstract. The development of long-term data storage technology is one of the urging
problems of our time. This paper presents the results of implementation of technical
solution for long-term data storage technology proposed a few years ago on the basis
of single crystal sapphire. It is shown that the problem of reading data through a
substrate of negative single crystal sapphire can be solved by using for reading a
special optical system with a plate of positive single crystal quartz. The experimental
results confirm the efficiency of the proposed method of compensation.

Keywords: sapphire optical disk, long-term data storage, quartz, birefringence,
aberrations compensation.

1. INTRODUCTION

One of the major problems facing mankind is the preserving and
transmitting obtained knowledge to the succeeding generations. Its solution
is not possible without creating a media that would provide long-term data
storage. A long shelf life of data storage is generally understood as the data
retention that greatly exceeding the shelf life of information recording on the
best acid-free paper having the shelf life of about 200 years. However, the real
time of data storage in modern storage devices ranges from 3 to 30 years.

The optical discs have a great potential for long-term archival storage.
However, the modern optical discs can not provide the required level of
reliability and data retention time due to the low stability of the
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polycarbonate substrate [1], and not sufficiently high its adhesion to the
metal layer. The variety of technical solutions is proposed for technology of
long-term storage which is based on using highly stable materials for both
substrate and recording mediums.

First designed and manufactured optical discs had a substrate of silica
glass [2]. Their data retention time could not exceed of 20-30 years because
of time degradation of recording layer based on chalcogenide glasses [3].

The cermets are used as recording medium in long-term optical M-discs
of write-once format with shelf life of 150-160 years [4]. A borosilicate glass
is proposed as medium of the disc substrate as well as refractory metals such
as tungsten and platinum are proposed to use for recording layer. An
embossed microstructure on the surface is prepared by ion etching [5]. It is
proposed to seal tungsten alloy disc by silicon nitride [6] and to read the
information from platinum layer through sapphire windows [7]. The quartz is
also proposed as substrate of optical disc for long-term data storage [8]. The
establishment of such data storage focuses on long-term and reliable data
storage, rather than getting the limit values of density and large amounts of
data storage [5, 6, 8, 9].

2. FOUNDATION FOR THE CHOICE OF OPTICAL DISC
SUBSTRATE MEDIUM AND THE PECULIARITIES
OF OPTICAL SCHEME OF RECORDING SYSTEM

Materials for the manufacture of optical discs having long-term data
storage must be chemically, thermally and mechanically stable. The main
elements determining parameters of the optical disc are a transparent layer
(substrate) through which the information is reading and recording layer on
which information is recorded. Disc substrate layer is an external un-
protected and it defines the types of materials and technologies that can be
applied in the deposition of the recording layer, so the choice of the substrate
medium is the key element in development of technology of long-term data
storage.

One of the main causes of data loss is the appearance on the substrate
surface roughness and scratches. Therefore, the optical disc substrate must
be formed from the hard as possible material. The reliability to multiple data
retrieving requires that the substrate medium was resistant to light and
ultraviolet radiation. For the stability of the optical disk to large temperature
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changes and the possibility of using refractory alloys as recording layers, the
substrate material should be a refractory one. Another important factor of
the reliability is high thermal conductivity of the substrate as small thermal
conductivity can cause localized heating and as a result, to permanent
deformation of the disc. Furthermore, when using a refractory metal as a
material of the recording layer, the linear coefficient of thermal expansion of
disc substrate must not significantly differ from values for the metals.

The similar requirements for physical and technical characteristics are
imposed on optical materials that are used for optical sensors and obser-
vation windows in the chemical, nuclear and space industries. Therefore, as
a substrate for non-volatile storage can be used the materials that are applied
for the optical sensing and observation windows in these industries. It should
be noted that there is one significant limitation on the optical characteristics
of the substrate material, namely, the optical anisotropy of the optical disc
substrate should not go beyond the uniaxial birefringence because otherwise
the compensation of aberrations being caused by the anisotropy of the sub-
strate is a problematic task. Table 1 summarizes both the optical and physical
characteristics of the materials that can be used for optical disc data
retention.

Table 1. Physical and chemical properties of materials suitable for the manufacture

Sapphire Quartz Fused Yttrium | Magnesium Diamond
Material (ALO3) (Si0y) quartz aluminum | aluminate ©
Parameters (Si0y) garnet (MgAlL04)
(Y3A1501)
State of matter Crystalline Crystalline | Amorphous | Crystalline | Crystalline | Crystalline
Optical type of crystal Negative Positive - - - -
Mohs hardness 9 7 53-6,5 8,5 8 10
Fusing temperature (K) 2300 1960 1350 2210 2400 1100
(softening) (burn down)
Thermal conductivity ~34 3 1,3 14 15 3200
coefficient £ (W/(mK))
Coefficient of linear 5,6 0,55 0,55 8,0 7,5 1,0
thermal expansion a*10¢
(1K)
Chemoresistance 1* 2% 3* 1* 3* 1*
Resistance to UV Not degraded | Not degraded | Degraded Not Not Not degraded
radiation degraded degraded

1* — soluble in concentrated solutions of fluoride salts (such as, BaF,, MgF,, PbF,,
and oxides) at very high temperatures (> 1000 °C);

2* — soluble in alkaline aqueous solutions at high temperatures (> 300 °C) and
solution of hydrofluoric acid;

3* — soluble in aqueous alkaline solutions and solution of hydrofluoric acid.
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From the data in Table 1 is clear that sapphire, quartz, yttrium aluminum
garnet and magnesium aluminates have physical characteristics required for
long-term data storage and therefore can be used as medium fore substrates
of the long-term optical disc.

Sapphire is the hardest material being made of cheap components, and its
technology for growing single crystals is simple and affordable process. The
disadvantage of sapphire is its sufficient optical anisotropy (birefringence)
and as a consequence, the complexity of the optical scheme for reading
information in the sense of the aberrations compensation caused by the
anisotropy.

Yttrium aluminum garnet and magnesium aluminate have got a cubic
lattice, and, consequently, they are optically isotropic materials (not exhibit
birefringence). Therefore, reading out through the substrate made of these
materials does not require any additional methods of the aberrations
compensations caused by the substrate anisotropy. Their disadvantages are
smaller than sapphire hardness and the production of optical discs with a
diameter of either 80 mm or 120 mm is a very labor-intensive and costly.

Diamond has several unique physical characteristics. However, there is no
technology of single-crystal diamond with dimensions required for optical
recording and the actual production of mono crystalline diamond is
extremely expensive. Furthermore, in ambient atmosphere at a temperature
of 1100 °C and more the diamond burns.

Single crystalline quartz is considerably inferior to sapphire in hardness
and is a uniaxial crystal. Fused silica has no optical anisotropy, but it has a
considerably lower compared with the other materials listed in Table 1,
hardness and is sensitive to ultraviolet (darkens).

From the above analysis of physical and technical properties of the mate-
rials, it is clear that sapphire is one of the best materials for the manufacture
of substrates of optical disc for long-term storage of information. In favor of
the sapphire is the fact that among of the crystals, the production of which is
mastered in significant quantities and already having a comparatively low
cost of manufacturing, the leader is the sapphire (Al,O;). The analysis of
existing highly stable uniaxial single crystal materials has demonstrated that
the best material for the optical disc substrate is leucosapphire [9, 10], on the
internal surface of which the information micro relief structure is formed [5,
9, 10] since it has a high chemical stability, its wear resistance is 8 times
greater than that of steel, it is thermally stable up to 1600 °C and it is
optically transparent in the range from 0.17 microns to 5.5 microns [11].
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The sapphire birefringence is cause of aberrational distortions of the
scanning laser beam as it passes through the optical disc. This is posed by the
difference in optical path of light rays with different polarization that makes
impossible to use the standard optical system for reproducing the informa-
tion from the optical disc with a birefringent substrate. The orientation of the
sapphire single crystal axis 0001 parallel to the optical axis of the optical head
will results in a constant magnitude of aberrations during rotation of the
optical disc. However the magnitude of aberrations is so large that the
resolution of the optical system drops 4.3 times for the case of numerical
aperture of 0.4 and it becomes more significant with an increase of numerical
aperture. Accordingly, the use of the birefringent single crystal materials as
substrates for optical discs requires a change of standard optical reading out
system so as to compensate the aberrations created by rays with different
polarization. This minimization of the polarization effect can only be applied
to those optical discs manufactured from uniaxial birefringent materials with
the optical axis orthogonal to the disc surface.

The sapphire substrate on which information is recorded in the form of a
micro relief structure, and the data are read through the sapphire substrate
can be a key element of technology for optical data storage with high
reliability and long shelf life [9, 10]. Thickness of the substrate may be 0.4-
1.2 mm, which provides sufficient mechanical strength to the carrier.
Sapphire substrates have significant birefringence (n, = 1.78038 and n, =
1.77206, A = 442 nm), which leads to significant aberrations when focusing
the laser emission through the substrate of the carrier.

A superposition of astigmatism and spherical aberrations of different
orders arise from different optical path (spherical front phase distortions) of
s- and p-polarized peripheral rays of focused laser beam propagating through
sapphire substrate. In particular, spherical front phase distortions lead to the
fact that radiation with orthogonal polarizations is focused in different
places, the distance between which AFis defined as follows:

AF=2hAn/n,, (1)

where An is the difference between the refractive indices of the ordinary (#,)
and extraordinary (n,) beam (for sapphire An = 8:10-3), & — thickness of the
substrate.

When focusing through the sapphire substrate with thickness of 1 mm, the
distance between the spots is several times larger than the depth of focus.
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This makes it impossible to reliably reproduce the recorded data. There is a
possibility to compensate the aberrations caused by the anisotropy of the
sapphire substrate using an additional compensating plate with a positive
uniaxial material (inverse to the sapphire). The study of available transparent
uniaxial optical crystals showed that the best material for compensating
aberrations of the sapphire substrate is quartz that has n, = 1.5443, n, =
1.5534. Conditions for obtaining the optical system with minimal residual
aberrations can be written as:

Hkvr/ I{spf: 07689 Hkvr + vaf: H’ (2)

where H,, and H, are the quartz plate and the sapphire substrate
thicknesses, respectively. First condition follows from astigmatism aberration
compensation and second — from spherical aberration compensation. Table
2 shows the thickness of the sapphire substrate and compensation quartz
plate for optical discs in various formats.

Table 2. Thickness of the sapphire substrate and the quartz plate compensation for
optical discs of different formats

The thickness The thickness Uncompensated

Type of media of sapphire of quartz plate aberration
substrate (mm) (mm) AD/D,, 100%
CD 0,714 0,486 1
DVD 0,357 0,243 1,6

CD (for reading at a wave-

length of A = 400 nm) 0,714 0,486 0,3

Hence it is possible to carry out reproduction of data by reading through a
sapphire substrate by using special focusing optical system comprising a
quartz plate. Such carriers can be used for long-term data storage due to the
high thermodynamic stability of sapphire. Schematic representation of the
method of compensation of aberrations is shown in Fig. 1.

The study of existing transparent uniaxial optical crystals demonstrated
that the best material for compensation of aberrations in the sapphire
substrate is quartz, which has the following refractive indices: n, = 1.5443,
n,= 1.5534.
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Fig. 1. Schematic representation of the propagation of the ordinary
and extraordinary rays: / — lens, 2 — sapphire substrate, 3 — optical
axis, 4 — extraordinary ray, 5 — ordinary ray, 6 — quartz plate
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3. EXPERIMENTAL RESULTS

The information (in a standard CD-ROM format) was recorded (at 2X
speed) on photoresist layer with thickness of 150 nm deposit on sapphire disc
having a thickness of 0.7 mm and a diameter of 80 mm by audio recording
laser station established at the Institute for Information Recording of NAS of
Ukraine. A single-mode semiconductor laser QLD-405-100S (405 nm,
100 mW) was used as a source of coherent light. Power of the laser beam at
the output of the lens was 3
mW. Etching time of the
photoresist layer in an alkaline
etchant consisted 7 seconds. A
modified optical ROM drive
Plextor PX-891 SA was used
for the optical system test.

Fig. 2 shows the optical
scheme for data readout from
sapphire optical disc [11].
During data reproduction, the
laser beam from a laser diode
(1) passed through the

Fig. 2. The optical system for
reading data from sapphire disk

78



Readout Optical System of Sapphire Disks intended for Long-Term Data Storage

diffraction grating (2), a quarter-wave plate (4), and the beam splitter cube
(3) and is directed onto the focusing objective lens (5). The focusing lens
focuses the laser beam through a compensating plate (6) and a substrate
carrier (7) on the microstructure relief of information carrier. The standard
reading device modification is consisted in fixing a compensating quartz
plate (with vertical orientation of optical axis) having a size 5x5x0.5 mm to
the lens by gluing method.

The presence of a compensating plate made of uniaxial single crystal
material leads to the compensation of optical path difference between s- and
p- polarized rays and focusing them in one focal plane. The results of test
pointed out that the quartz compensating plate allows a robust data retrieving
in the case of reading data through sapphire substrate by a standard optical
drive. Figure 3 demonstrates the result of test obtaining by Nero CD-DVD

< Nero CD-DVD Speed 4.7.7.5 (2] B | s

®aiin  3anycktecta  doncanutensHe  [Menowe
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Fig. 3. The results of the test of retrieving data through sapphire substrate reading out
by modified standard reading device. The results obtained by Nero CD-DVD Speed
program
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Speed program, from which one can see that the disc does not have un-
correctable errors C2, but there are small numbers of correctable errors C1.

The experiment has pointed out the possibility of full compensation of
polarization stipulated wave front distortion of the sapphire substrate. The
individual method of sapphire substrates manufacture allows obtain more
accurate substrate thickness than in injection molding process of poly-
carbonate optical discs. The transparency of sapphire in the ultraviolet range
allows using shorter wave radiation for recording and reproducing infor-
mation.

Almost all possible types of optical discs can implement on the basis of
sapphire substrates:

— optical disc with thermally treated and metalized photoresist layer;

— CD-ROM with a high-reflective coating;

— the magneto-optical and CD-RW,

— CD-R disk.

CD-ROM with a high-reflective coating is the primary format for the
implementation of optical discs with a shelf life of optical discs within the
tens of thousands of years or even more. The main limiting factor for the
shelf life can be adhesion of reflective coating. The most long-term data
storage can be hopefully got on the hermetic CD-ROM drives without a
reflective coating. Realization of the magneto-optical and CD-RW optical
drive on a sapphire substrate will allow get more high-optical materials and
hence significantly increase a shelf life of data storage. Application of the
CD-R technology can also lead to the increase of shelf life of optical disk due
to the high chemical resistance of sapphire and the high melting point.

4. CONCLUSIONS

1. It has been considered the effect of birefringence on the distribution of
the focused laser beam through a uniaxial birefringent medium having a
vertical orientation of the optical axis. An expression for the calculation of
the geometric aberrations of the focused laser beam in single-crystal
substrate of the optical disc has been presented.

2. The permissible levels of the anisotropy were calculated for optical discs
of different formats allowable thickness discs of different formats and the
maximum thickness of sapphire optical discs in which there is no significant
signal distortion have been demonstrated.
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3. The method of compensating aberrations when reading data from unia-
xial birefringent medium was developed. The basic parameters of reading out
system for the sapphire disc with a vertical optical axis orientation were
calculated. The structural parameters (thickness) of the optical disc sapphire
substrate and quartz compensating plate of different formats were presented.

4. An experimental verification of the method of the aberrations
compensations which showed that the quality of images obtained through the
glass and sapphire plate with compensation, virtually identical has been
performed. Thus, the application of the compensating quartz plate further
allows read information from the optical sapphire disc for information
retention.
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Abstract. The improved scheme of data recording process on an optical disc based on
a substrate made of high-stable materials has been proposed. Information layer with
depth of 115 nm and width of 600 nm has been obtained on sapphire substrate by ion-
beam etching using improved scheme. These experimental results allow to create the
sapphire optical discs for longterm data storage.

Keywords: sapphire, optical disc, long-term data storage, microrelief, ion-beam
etching.

1. INTRODUCTION

Long-term data preservation is one of the major challenges that
humankind is currently facing. The most important information that needs
to be stored reliably for a long time is medical information, genome
databases, documents of national importance, cultural heritage, scientific
knowledge, important technical facilities, and etc [1]. Optical data storage
has a lot of significant advantages over other kinds of storage systems [2, 3].
Above all, optical discs are resistant to influence of electromagnetic fields
and high humidity. Additionally, contactless readout promises undamaged
multiple information playbacks. There are three key points in technology of
development of optical discs for long-term data storage [4, 5]: 1) information
must be stored in the form of a microrelief on the optically transparent
substrate (i.e. ROMtype media); 2) substrate and reflective metallic layer
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must be resistant to malice influence (high temperature and humidity,
mechanical and chemical impacts, etc.); so, they should guarantee the
preservation of data even in extreme conditions of storage (such as fire,
flood, and etc); 3) reflective metallic layer must have a high adhesion to the
substrate material.

For today, optical discs with polycarbonate substrates are most commonly
used. But polycarbonate is characterized by low optical, mechanical and
chemical stability for long-term data storage [6]. Besides, polycarbonate has
a low adhesion to reflective metallic layer commonly used in CD/DVD/BD
discs manufacture. In order to increase shelf life of optical media a number
of technical solutions have been proposed, namely: optical M-disc with
averaged shelf life of about 1000 years [7], storage using nanostructured glass
with seemingly unlimited lifetime [8], and analog sapphire disc «Nanoform»
[9].

Another approach is to store the information in digital form on the optical
disc with substrate made of high-stable singlecrystal sapphire [4,10]. The
advantages of sapphire is that it can survive high temperature (2318 K), has
high chemical stability, its wear resistance is 8 times greater than that of steel,
it is optically transparent in the range from 0.17 to 5.5 pm [11]. Comparison
of estimated shelf life for different substrate materials is shown in Table [4].

Table. Comparison of estimated shelf life for different substrate materials

Substrate Melting Data storage terms relative to Storage

material temperature, K those of the polycarbonate CD term, years
Polycarbonate 523 1 ~20
Sodium glass 923 el36=391 ~80
Glassceramic 1696 e+00=5478 ~1100
Silica glass 1986 e+ =146.94 ~2900
Sapphire 2318 e*13=457.73 ~9000

In addition, sapphire is one of the hardest materials being made of cheap
components, and technology for growing single crystals sapphire is simple
and affordable process. The sapphire optical disc on which information is
recorded in the form of a microrelief, and the data are read out through the
sapphire substrate can be a corner stone of technology for optical data
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storage with high reliability and long shelf life. Thickness of the media may
be in the range of 0.4-1.2 mm, which provides sufficient mechanical strength
enough. The disadvantage of sapphire is optical anisotropy (birefringence).
The sapphire birefringence causes the wavefront distortions of the readout
laser beam as it passes through the optical disc. In paper [12] a method of
aberration compensation in sapphire optical disc has been proposed and
developed. The results of experiments in which information has been
recorded in a photoresist layer on the sapphire substrate, confirmed the
efficiency of the compensation method [13,14]. The next step is to produce
the standard optical disc based on high-stable materials, namely
leucosapphire.

2. MICRORELIEF CREATION ON THE SURFACE
OF SAPPHIRE SUBSTRATE

Chemical and mechanical durability of the sapphire creates some
difficulties of microrelief creation on the surface of sapphire substrate.
Creation of the relief directly by a focused laser beam is practically
impossible. Ion-beam (and reactive ion-beam) etching is one of the most
suitable methods for microrelief creation on the surface of high-stable
materials [15]. The relief depth is calculated in compliance with ISO/IEC
10149:1995 defining data interchange on readonly 120 mm optical data
discs16. The relief depth for soda-siliceous glass (refractive index is 1.51) is
about 120 nm, for fused silica (refractive index is 1.46) — 130 nm, and
sapphire (refractive index is 1.77) — 110 nm. The conventional scheme of
data recording process consists of following steps [4]. The positive
photoresist layer is deposited on the substrate surface. The ratio of
photoresist and substrate materials etching rate defines the thickness of
photoresist layer. There must be a 150 nm photoresist layer thickness for
performing information later with 110-130 nm depth. The information is
recorded on photoresist layer via laser recording system by focused laser
beam. Parameters of laser recording system define the format of optical disc
for long-term data storage. The etching mask is performed by selective
etching of recorded photoresist layer. The information relief on the substrate
surface is performed by reactive ion beam etching. It was shown that
maximum depth of microrelief on sapphire substrate is equal to 95 nm [4]
and limited by initiation of surface charge induced by positive ions
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bombardment in the case direct (zero frequency) ion-beam etching.
Experimental results have shown that in this case the speed of etching equals
3nm per minute for sapphire and 10 nm per minute for photoresist. In order
to increase microrelief depth the using of additional metallic masks has been
proposed [17]. In further investigations it was suggested to use an additional
layer of chromium, since it has a high adhesion to substrate[18] (Fig. 1)

7

3
7
—
e e
=
N
N
=LA AL

] Cr film deposition on

sapphire substrate

Positive photoresist
deposition

Data recording by
focused laser beam

Selective etching of
photoresist layer

Chemical etching of Cr film

Ion-beam etching of
sapphire substrate

Removal of photoresist rests

Final metallization

Fig. 1. Improved scheme of data recording process on the optical disc for long-term
data storage: / — sapphire substrate, 2— Cr film, 3 — positive photoresist layer,
4 — focused laser beam, 5 — etching mask, 6 — ion beam, 7— reflective metallic layer
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Chromium film was deposited by thermal evaporation. Thickness of Cr
film was equal to 50 nm. The positive photoresist layer is deposited on the Cr
film by centrifugation and subsequent annealing in air atmosphere with

T = 363.15 K for 1 hour. Thickness
of photoresist layer was 150 nm.
Chemical etching of Cr film was
performed by 20 % CeSO, solution
for 2 minutes. Further, the ion-beam
etching of sapphire substrate was
performed through windows in Cr
and photoresist layers. AFM image
of sapphire substrate after ion-beam
etching is shown in Fig. 2.

In Fig. 3 the dependence of pit
depth on etching time is shown.
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sapphire substrate after
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Fig. 3. Dependence of pit
depth on etching time.
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From Fig. 2 one can see that depth and width of pits are about 115 nm
and 600 nm, respectively, which is sufficient for the production of sapphire
discs for long-term data storage at modern optical information formats.

3. CONCLUSION

The key point of long-term data preservation on optical discs is to use the
high-stable materials. One of these ones is a single-crystal sapphire.
Estimated shelf life of proposed optical sapphire disc exceeds 9000 years
under normal conditions. In this work, we propose an improved scheme of
data recording process on sapphire optical disc for longterm data storage.
Microrelief with depth of 115 nm on sapphire substrate by ion-beam etching
with improved scheme has been obtained. These experimental results allow
us to create the sapphire optical discs for long-term data storage.
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OIITUYECKHWE HOCUTEINU JOJITOBPEMEHHOI'O
XPAHEHHUA UHOOPMALNN

Anexmponnoe modeaupoganue. 2016. T. 38. Ne 4. C. 99-108

IIpencraBneH aHaaU3 METOAOB CO3IaHMSI ONTUUYECKUX HOCUTENEH JOITOBPEMEHHO-
ro xpaHeHust uHGopMmaiu. [TokazaHo, YTO PEIIUTh 3a1a9 JOJTOBPEMEHHOTO Xpa-
HEHUST CTpaTermueckKy BaxKHOUW MHGMOPMAIIMA MOXHO TIPU MCTIOIh30BaHUU caribu-
POBBIX JMCKOB C MUKpOpenbedHBIM TIpeAcTaBlIeHrueM NaHHBIX. [IpemcTaBieHbI
JMaHHBIE O 3alUCU CYOMUKPOHHBIX CTPYKTYP Ha MOBEPXHOCTH CanUPOBBIX TOMIO-
K€K U BOCIIPOM3BEICHUHU 3aMMCAHHBIX JAaHHBIX C(HOKYCUPOBAHHBIM JIa3€PHBIM U3-
Jy4eHUEM.

IlpencraBneHuii aHadi3 METOMIB CTBOPEHHS ONTUYHUX HOCIiB JOBrOTPUBAIOrO
30epiraHHs iHdopMaitltii. [TokazaHo, 1110 BUPILIATU 3aBAaHHS TOBrOTPUBAJIOroO 30e-
piraHHs CTpaTeriyHO BaXXJIMBOI iH(OopMallii MOXHA IpY BUKOPUCTAHHI cardipoBUx
JIUCKIB 3 MiKpopeJIbe(PHUM MpeacTaBieHHsIM gaHuX. [1peactaBieHi gaHi mpo 3amnu-
CU CYyOMIiKpPOHHUMX CTPYKTYp Ha MOBEpXHi candipoBUX IMiAKIAI0K i BiATBOPEHHS 3a-
MUCAHUX JaHUX C(POKYCOBAHUM JIa3epHUM BUMPOMiHIOBAHHSIM.

KnioueBbie cioBa: onTrueckue HOCUTENH, JOJITOBPEMEHHOE XpaHeHUe MHMOpMa-
¥H, carndupoBble AUCKU

Heo6xonuMocTh Co3maHus U MUCIOJIb30BaHUSI ONTUYECKUX 3aII0MUHAIOILIMX
YCTPOMCTB OIpele/siiach ABYMsT OCHOBHBIMM OCOOCHHOCTSIMM METOHA
OIITUYECKOM 3alMCU: BHICOKUMU IUIOTHOCTBIO 3aIIMCH U HaJEXKHOCTBIO Xpa-
HeHus uHopManyuu. C UCIONIb30BAHUEM ONTUYECKUX AMCKOB €MKOCTbIO
(1-50) T'6aiiT ObUIM CO3MAHBI APXMBBHI XpaHEHUS! 3JEKTPOHHBIX TOKYMEH-
TOB, OPraHM30BaHbl MACCOBOE PACIIPOCTPAHEHUE MYJIBTUMEINMHON UHMOP-
Malliyi 1 KOMIIbIOTepHOe KHuronedaTaHue. CyllleCTBEeHHbIE HOCTMKEHUS
B TEXHOJIOTMM MAarHUTHOM 3allMCH M TBEPAOTEC/IIBHOM MaMSITU ITO3BOJIMIN
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co3IaTh CUCTEMBI MaMSITH, KOTOpbIe 00ECIIeYnMBalOT XpaHEHWE TUTaHTCKUX
MAacCHBOB JaHHBIX. Pa3BUTHE METONOB 3amucy MHOOPMALUKM MO3BOJIMIO
co3naTh OJIMKHEIOJIEBbIe METOAbI PETMCTPALIMM JaHHBIX HA XECTKUX Mar-
HUTHBIX AUCKAX C IUDIOTHOCTSIMM 3aIIMCU, KOTOPBIE HE JOCTKMMBI B TPaIK-
LIMOHHBIX OINTUYECKUX 3alIOMUHAIOIIMX YCTPOMCTBAX C IU(PPAKILIMOHHO
OrpaHMYEHHBIMU CHCTEMaMM (DOKYCUPOBKM HU3Iy4eHHUs. DTO MPUBEIO K
TOMY, YTO CYILIECTBEHHO YMEHbLIIWIACh POJib KOMMAKT-IUCKOB. OmHAKO
mpo6JjieMa JUIMTEIbHOIO XpaHEeHYsI JaHHBIX HE pellieHa U CO3IaHue HOCUTe-
JIel TOJITOCPOYHOTO XpaHEHMS JaHHBIX CBS3BIBAIOT C ONTUYECKMMU HOCH-
Teasamu nHopmanu. OHM MMEIOT 3HAYUTEIbHbIC IMOTEHIIUAJIbHBIC BO3-
MOXHOCTH ISl OpraHM3allid JOJIOCPOYHOIO XpaHEeHMS HMHGOpPMalUUU
HauboJiee MOJHO YIOBIECTBOPSIOT TPeOOBAaHUSIM K HOCHUTENSIM MH@oOpMa-
LIMY JOJITOCPOYHOI0 XpaHeHUs TaHHBIX [1, 2]. OnTu4yecKue HOCUTEINU UME-
10T psii 0COOEHHOCTE, KOTOPhIE ITO3BOJISIOT UCIIOIb30BaTh MX IS TOJIT0-
BPEMEHHOTO XpaHeHM MH(POpMALIMY, a KUMEHHO:

— OECKOHTaKTHOE CYUThIBaHME WHGOpMaLY, obecreuyrBalolee I0-
CTYIl K COIACPKAHMIO TOKYMEHTa 0e3 HapylleHUsl OpUrMHajga U BO3-
MOXHOCTB JOJTOBPEMEHHOTO XpaHEHUST MH(MDOpMAIIN;

— HCIOJIb30BaHUEe (HU3MYECKUX METOMOB 3allUThl 3alIMCAaHHOM MH(OP-
MalliM OT MEXaHUYECKUX TTOBPEKICHUI;

— peanu3anusi oOpaTHOM COBMECTMMOCTM Ha HOBBIX TUIIaX YCTPOMCTB
BOCIIpOU3BeIeHUSI MH(MOPMALIUK;

— WCIIOJIb30BAaHUE peXMMa OJIHOKPATHOM 3allMCHM UM MHOTOKPATHOIO
CUYUTBIBAHUS, TP KOTOPOM CIE/IaHHAs 3alIUCh HE MOXET ObITh CTEep-
Ta WIK 3aMEHEeHa Ha HOBYIO (MH(MOpMALIMI B apXUBHBIX TOKYMEHTAX
He TIOJIEXXUT KaKo-T100 KOPPEKTUPOBKE);

— HCIIOJIb30BaHUE HAlEXHOTO peabe®HOro mpeacTaBiIeHus: uH(popMa-
LI, KOTOPast MOXKET ObITh CYUTAHA PA3IMYHBIMK METOIAMU;

— BO3MOXHOCTb IIPMMEHEHHsI BBICOKOCTAOUIbHBIX MAaTEPUAJIOB ISl 13-
TOTOBJICHUST ONTUYECKUX TUCKOB;

— HCIIOJIb30BaHUE YHUBEPCAIbHBIX 3alIUTHBIX KOHTEITHEPOB MIJISI OIITH-
yeckux AuckoB [1, 2]. [IpakTuuecku Bce MepapXuIecKue CTPYKTYPhI
XpaHEeHUsl JaHHBIX MPEANOJIAraloT UCIOJb30BaHUE ONTHYECKUX HO-
cUTeJIel TSI apXMBHOTO XpaHEHUSI TaHHBIX.

AHaJIM3 TEeXHOJIOTHIA AJI CO3IaHHUS ONITHYECKUX HOCUTEJIeil 10IroCpoYHo-
ro xpanenusi ”H(opmamun. CienyeT OTMETUTh, YTO yKe B MEPBBIX pa3pa-
0O0TKaxX ONTUYECKMX OVCKOB AEJIAINCh IMOMBITKY Peaan30BaTh TEXHOJIOTHUIO
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Puc. 1. BHenIHui1 BUI 30HbBI 3aIMCU HA ONTUYECKOM HOCUTEJIE C PA3HOU MJIOTHO-
CTBIO 3aIUCU

JIOJITOCPOYHOTO XpaHeHUs faHHBIX [3]. ITepBrle onTHYecKHe TUCKOBBIE HO-
CHUTEJIM CO3[aBajICh Ha OCHOBE CTEKJISIHHBIX TMCKOB C OMHOCIOMHBIM Tep-
MOYYBCTBUTEIBLHBIM PETUCTPUPYIOIINM CJIOEM, B KOTOPBIX IIIMPOKO TIPUME-
Hsach IepdopallMoHHasl 3allMCh Ha TOHKUX IUIEHKAX CTEKJI000pa3HBIX
XaJIbKOTEeHUIHBIX MOJYyNpoBOoAHUKOB [4]. IIpoBemeHHbIE HaMU MCCIEHO-
BaHMSI 00pAa3lIOB ONTUYECKMX CTEKJISHHBIX OUCKOB C PETMCTPUPYIOLIUMU
cpelaMy TaKoro THUIIA MoKa3alu, YTo Mocje XpaHeHus B TeueHue 25—30 net
B HEOTAIUIMBAEMBIX IOMEIIEHUSX COXPaHUIMCh ¢opMa M pa3Mephl ITH-
TOB [5] puc.1.

Bonee yeM TpuILATWIETHUM IEpHON ONTUYECKOM 3aIllMCU CBSI3aH C
IIMPOKUM HCTIOJIB30BaHMEM IIITAMITIOBAHHBIX U3 MOJMKapOOHaTa KOMIIAKT-
JIHCKOB, KOTOPBIE CTaIU CPEACTBOM MacCOBOIO paclpoCTpaHeHMsT MHDOP-
Maluu B IMGpoBOM BuOe. Takue MMCKU M3-3a XapaKTePUCTUK MCITOJIb-
3yeMbIX B HHMX MaTepuajoB IPUHIMIIMAIHGHO HE MOIIM 00eCIeuYrBaTh
TOJITOBPEMEHHOIO XpaHEHUSI NaHHBIX (B IEPBYIO OYepedb M3-3a HU3KOM
BPEMEHHO CTaOMJILHOCTH ITOIMKapOoHaTta [6]), XOTsI JOCTaTOYHO ILIIUPOKO
HCITOJIb30BAIMCH IIJISI CO3MaHUS apXMBHBIX KOomuii. B mcnonb3yeMbIX B ap-
XMBaX KOMIIAKT-IUCKaxX ¢ OMHOKPATHON 3alMChi0 NPUMEHSIOTCS B Kaue-
CTBE PETUCTPUPYIONIEH Cpelbl TOHKUE TUICHKU OPraHUYeCKOIro KpacuTess,
MMEIOINEe HU3KKME TeMIIepaTypy IIaBJeHusS U KO3(M@UIIMEHT OTpaxkKeHMsI.
J71s1 morydeHus BICOKMX 3HAYEHUI CUTHAJIOB CUUTHIBAHUS B TAKUX HOCH-
TEJSIX IIPUMEHSIOT METAUIMYECKU OTpaXKalOIIM CJIOM, XapaKTepU3ylo-
LIUIACS ¢1aboii anre3meil K CJIo0 OpraHMYEeCKOTo KPacUTeNsl, YTO IPUBOIUT
K PacCIIOEHHUIO HOCUTENS TIPU PEe3KUX M3MEHEHUSIX TeMIIepaTyphl, YTO SIB-
JIIETCSI OMHOM M3 OCHOBHBIX IIPUYMH BBIXOJA U3 CTPOSI ONTUYECKMX HOCH-
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TeJieil ¢ OMHOKPATHOM 3amuchio. YacTb TEXHUYECKUX PELIeHU, a UMEHHO
M3TOTOBJIEHUE TMOIOXEK M3 BBICOKOCTAOMJIBHBIX MAaTepHajioB, OCYIIIECT-
BJICHUE 3aIlMCU JAHHBIX B OMHOCJIOMHON PErUCTPUPYIOLIEHA Cpele C BbICO-
KOCTaOMJIbHBIM MaTeprajoM, HallId IIpUMEHEHUE B JaJbHEUIIINX pa3pa-
00TKax HocuTenaell WHGOPMAIMKU IOJTOCPOYHOIO XpaHEHUS MaHHBIX.
[1aBHBIM HampaBJICHUEM ITOBBIIICHUS HANEKHOCTH XpaHEHUs MaHHBIX Ha
OINTUYECKMX HOCUTENSIX ¢ OMHOKPATHOM 3aIlMChio ObLIa pa3paboTKa Crie-
LIMAJIbHBIX perucTpupylommx cpen. B ontuyeckux Hocutensx UDO (pas-
pabotyuk KommaHus Plasmon) omHOKpaTHasl 3aluch OCYIIECTBIISLIach Ha
PETUCTPUPYIOIINX CpelaxXx ¢ HeoOpaTUMbIMU (ha30BBIMU Tlepexogamu. [a-
PaHTUPOBAHHBIN CPOK XpaHEHMS TaHHBIX HAa TAKMX HOCUTEJISIX COCTaBJISIeT
50 net [7].

Bonpimii cpok XpaHeHUs JaHHBIX IIPOTHO3MPYETCS Ha ONTUYECKUX HO-
CUTEJISIX C OAHOCJIOMHON METAJNIOKEPAMUYECKON PETMCTPUPYIOLIEH cpenoit
(bupmenHoe HazBaHue M-gucku). Marepuan peTHMCTPUPYIOLIETO CIOS
UMEeT JOCTATOYHO BBICOKUN KO3(hDGUIIMEHT OTpaKeHUs, YTO MCKIIOYaeT
HEOoOXOAMMOCTh HCIIOJIb30BaHUS OTpaXalollero MEeTaUIMYeCKOro CJIosl.
B takux muckax He pelieHa IpobyeMa, CBsI3aHHas C HeCTaOMIbHOCTBIO Xa-
PaKTEPUCTUK MCIIOJIB3YEMBIX ITOMIOXKEK M3 IojuKapOooHarta. Oxumaemast
JIOJITOBEYHOCTh M-IMCKOB COCTaBJISICT 00JIee THICSUU JIET IIPU TeMIIepaType
xpaHeHus1 25 °C 1 OTHOCUTETbHOM BJIAXHOCTH OKpy:Karoleit cpeast 50 %,
onHako yxe npu Temieparype 40 °C u orHocuTeIpHOM Bostoctr 70 % oxu-
JaeMasi TOJrOBEYHOCThb cocTaBiisgeT 53 roga [8]. HalmoHanbHbBI MHCTUTYT
cra"naptoB u TexHonoruii (NIST) CIHIA ompeaen cpoK XpaHEHMS IS
M-nauck B 1000 neT (6ykBa M B HazBaHuU o3HavyaeT Millenium, To eCTh ThI-
csielieTre), TMOJMKapOOHaT BRIIEPXKUBACT CHIIbHBIE Iepenanbl TeMIepaTyp
TOJIBKO B TeUeHHUE KOPOTKOTO IIPOMEXYTKa BpeMeHH [9].

MHoro BHUMaHMS YIAEISIOCh CO3MaHUIO TEXHOJIOTUU U3TOTOBJICHUSI OIl-
Tnyeckux Hocutenei Tuna ROM, KoTopble MOT/IM 00ECIIEYnTh CPOK XpaHe-
HUSI TaHHBIX HECKOJIBKO COTEH JIET B JKECTKUX KIMMATUUYECKUX YCIOBUSIX.
B yacTtHOCTHM OBLT pa3paboTaH HOCUTENTD, KOTOPBIIE COCTOUT U3 BOJIb(PpamMo-
BOI MOMJIOXKH ¢ MUKPOPENIbeHOM CTPYKTYPOil, TepMETU3UPOBAHHOI HU-
TPUIOM TUTAHA; 3asBJICHHAS HOJTOBEUYHOCTh TAKOI'O HOCUTEJISI COCTaBIISICT
6onee 1 maH net [10]. g obecnieyeHUs TOJATOCPOUHOTO XpaHEHUST JTaHHBIX
Ha ONTUYECKUX HOCUTEJISIX 11eJIeCO00pa3HO HCIOJIb30BaTh BHICOKOCTAOMIb-
HbI€ MOHOKPUCTAIMYECKHUE MaTepuajbl ULl M3TOTOBJICHUS TOIJIOXEK.
Jnsg co3maHusl ONTUYECKUX HOCUTENIE MTOITOCPOUYHOTO XpaHEHUS TaHHBIX
npenjiaraeTcs B Ka4yecTBe MOIJIOXKEK MCITOJIb30BaTh KBapll [11-14] 1 MoHO-
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KpucTtayummyeckuii candup [15-18]. Ha HeKOTOpBIX THMAX KBaplLEBbIX HO-
CUTEJIeil IpeajaraeTcsi OpPraHM30BBIBATH MHOTOCJIOMHYIO OIHOKPATHYIO
(pexkum WORM) 3amnuch JaHHBIX, KOTOpasl OCYIIECTBIISIETCSI CBEPXKOPOT-
KuMu (heMTOCEeKyHIHBIMM) Ja3epHbIMU uMmyiabcamu [12, 13]. Madopma-
LIMIO HA MOBEPXHOCTU BBICOKOCTAOWJIBHBIX MOHOKPMCTA/UIMUYECKUX MAaTe-
pUAaJIOB TpeiaraeTcsl 3aluchbiBaTh Kak B aHayorosom [10, 16, 17], Tak u B
uudpoBom Bune [15, 18].

Candwuposble TUCKM JJIs1 HOCHTEIEi I0JroCPOYHOro XpaHeH!s JaHHbIX.
Co3naHue ONTUYECKUX AJUCKOB JOJTOCPOYHOIO XpaHEHUS JaHHBIX LIEJIeCO-
00pa3HO OCYIIECTBIISATh C MCIOJIb30BaHMEM ITOIOXKEK 13 BHICOKOCTAOMIb-
HbIX MaTepuajoB. MaKcHUMaJlbHble CPOKM XpaHEHMS NAHHBIX MOTYT ObITb
obecreyeHbl IPYU U3TOTOBICHUH MOIIOXEK U3 MOHOKPUCTAJUIMYECKUX Ma-
TepHUajioB, B IIEPBYIO o4epedb cardupa, COXpaHsIOIIEero CBOM CBOICTBA 10
2050 °C. Ucnonb3oBaHue cardupa B Ka4eCTBE MOMJIOXKEK ONTUYSCKUX TUC-
KOB ITO3BOJISIET CO3/1aBaTh YHUKAJIbHbIC HOCUTEIU AJIsI JOJTOCPOYHOIO Xpa-
HEeHUsl JaHHBIX, KOTOPbIE XapaKTePU3YIOTCsS BBICOKON YCTOMYMBOCTBIO K
MEXaHMYEeCKUM IOBPEXKICHUSIM, He TOABEPXKEHbI BO3ACICTBUIO XUMUYECKHI
aKTHUBHBIX Cpel M CIIOCOOHBI BhiepxuBaTh Temiiepatypy 1000°C u Goinee.
Hu oguH 13 cymiecTByomux HU(GPOBLIX HOCUTENEH He CIIOCOOeH obecre-
YUTh XpaHEHWE JaHHBIX B TAKUX YCIOBUSIX. BO3MOXHOCTU cO31aHuUs carl-
(GUPOBBIX HOCUTENIE MH(POPMALIMU CITIOCOOCTBYET TO, YTO CETOAHSI OCBOEHO
MacCOBOE IIPOU3BOACTBO CMHTETMUYECKMX MOHOKPUCTA/LIOB candupa v mo-
JIMPOBAHHbIX MOAJIOXEK C 3aJaHHOI KpUCTaL1orparuecKoil OpueHTaLIM-
eil. EnMHCTBEHHBIM aHOHCHPYEMBIM CETONHSI Cal(UPOBBIM HOCHUTEIEM,
CIIOCOOHBIM 0OECIIEYUTh IOJITOCPOYHOE XpaHEHUE AAHHBIX U OPUEHTHUPO-
BaHHBIM Ha MacCOBOE IIPOM3BOICTBO, SBJISIETCS HOCUTENb, M3rOTaBIBAC-
MbIii o TipoekTy La Nanoforme [16]. Ilpenmosyaraercsi M3roToBIEHUE
OINTUYECKMX CarUPOBbIX HOCUTEICH pa3IMYHBIX IUAMETPOB OT ABYX IO
YyeThipex AroiMoB. MH(GopMaliys 3aIMChIBAETCSI HA HOCUTE/Ib B aHAJIOTOBOM
dopme (B BuAe N300paKeHNI). 3aMCch JAHHBIX Ha TAKOM HOCUTEb OCYIIIe-
CTBJISIETCST (DEMTOCEKYHAHBIMU MMITY/IbcaMu C(hOKYCHPOBAHHOTO JIa3ePHO-
IO U3JIyYEeHUsI C TTOCIEAYIONIMM XUIKOCTHBIM CEJIEKTUBHBIM TPaBICHUEM, B
pe3ybrate KOToporo (hopMupyercss MMKpopeabdHasi CTpyKTypa Ha I10-
BEPXHOCTHU IOIOKKHU HOCUTeJs1 MHpopMaluK. Vicronb3oBaHKe aHAI0To-
BOIi (hOpPMBI MPEACTABICHUS JAHHBIX B ONTUYECKUX HOCUTEISAX JOJITOCPOY-
HOTO XpaHEHMsS HaHHBIX IO3BOJISIET MCIIOJIb30BaTh Pa3IMYHBIE CHUCTEMBI
CUYUTBIBAHUS 3aIIMCaHHOM MHGOPMAIIMY, BKIIIOYAsk ONTUYECKUE MUKPOCKO-
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Ibl, OJHAKO He II03BOJIIET peajr30BaTh BOCIIPOM3BEICHHUE OAHHBIX Ha
CTaHAAPTHBIX ycTpoiicTBaX. [lpuMeHeHue cardupa B KauyeCTBE MOMIOXKHU
IIJIST TUCKOB IIJIST JOJITOCPOYHOTO XpaHEeHUsT MHGOPMAIUU ObLIO OYEBHUIHO,
OIHAKO HAJM4yue ONTUYECKOM aHU30TPOIIMU MOHOKpMCTa/UIa cardupa
MPEISITCTBOBAJIO CO3IAHMIO LIM(PPOBOro ONTUYECKOTO carihpOBOIo AMCKA.
IIpu BocmpousBeleHUU OAHHBIX 4epe3 IMOMIOXKY M3 MOHOKPUCTAJLIMYE-
cKoro candupa BO3HUKAET IIpobiieMa CBA3aHHAasl CO 3HAYUTEIbHBIM ABYITY-
yernpenaomieHueM (n, = 1,78038 i n, = 1,77206, L = 0,442 mxm). 17151 KOM-
MEeHCAlUU BJIMSIHUS ABYJIYYEIIPEJIOMICHUS, IPUBOAMIICIO K YBEIMUCHUIO
nraMmeTpa c(pOoKyCMpPOBAHHOTIO ISITHA MPEAIOXKEHO UCTIONIb30BaTh KOMIICH-
CHUPYIOIIYIO IJIACTUHKY M3 MOHOKPHMCTA/UIMYECKOTO KBaplia, PacoOXeH-
HYI0 MeXIy (POKYCUPYIOIINM 00bEKTUBOM U TTOI0XKON HOCUTENS MH(POP-
Manuu. BBumy TOro, 4ro pasHOCTh MEXAY I1OKa3aTeJIIMU IPEIOMIICHUS
OOBIKHOBEHHOTO M HEOOBIKHOBEHHOTO JIydeil UMeeT MPUOIU3UTEIbHO Ta-
KO€ X€ 3HauYeHHue KaK U ISl candupa, HO UMeeT IIPOTUBOIIOIOXHBIM 3HAK,

nm Section Analysis
§ < L 761.72 nm
RMS 15.770 rim
Te [+ o

rRa{lc) 9.734 nm
Rmax 46.262 nm
Rz 45.884 nm
Rz Ent 2

Radius 1.532 um
Sigma 5.099 nm

(; 5.0 10.0 15.0
km Surface distance 602.70 nm
Spectrum Horiz distance(L) 585.94 nm
vert distance 95.010 nm
Angle 9.210
surface distance 774.78 nm
Horiz distance 761.72 nm
Vert distance 5.302 nm
Angle 0.399
Surface distance
‘ Horiz distance
vert distance
‘ } Angle
I\l‘“\‘||“|H||\l||u|d|,\.|m.‘.n‘|un‘.WW..‘..‘<..W.W..‘.d...u.m.‘.."..‘ spectral period be
<D <71.02.08 pe Min Spectral freq 0 /um
petrov_2102.002 Spectral RMS amp 4.788 nm

Puc.2. 3oHa 3anvcu Ha TTOBEPXHOCTH carupoBOro Aucka
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yIaJI0Ch CKOMIIEHCHPOBATh Pa3MbITHE C(HOKYCHPOBAHHOIO Yepe3 carupo-
BYIO TIOUIOKKY M3JIy4EeHUSI, KOTOPOE MCIOJbh30BaIOCH ISl BOCIIPOM3BEIE-
HUSI JaHHBIX.

PasmernieHne KBapiieBol KOMIIEHCAIIMOHHON IUTACTUHKM TOJIIMHOMN
0,5 MM B onrTM4eckoM KaHaie ctangapTHoro DVD meepa nmo3BossieT cum-
ThIBaThb MH(MOpPMALIMIO Yepe3 TOMIOKKY M3 cardupa TomauHon 0,7 MM.
IIpoBeneHHBIE SKCIEPUMEHTHl ITOKA3aJM BO3MOXKHOCTh KOMIICHCALIMU
OINTUYECKMX MCKAXXEHUM, BO3HUKAIOIIUX MPU (hOKYCUPOBKE Ja3epHOTO 13-
JIydeHUs depe3 carrpoBYIO ITOMIOXKKY, a IJIABHOE — OTCYTCTBUE OIpaHU-
YEeHUII Ha CO3JaHHe MUCKOB JOJTOBPEMEHHOIO XpaHEeHHUs HTaHHBIX. Boc-
MPOU3BeIEeHNE 3aIMCAaHHBIX JAHHBIX OCYIIIECTBISETCS Ha IPOUTPHIBATENISX
OITUYECKMX TMCKOB C HEOOIBIIION MOAepHU3ALIMEl, KOTOpasl 3aKII0JYaeTCs
B pa3MelIeHNUU TOIMOJHUTENIbHOM (ha3oBpalllaoleil MIaCTUHKH, Pacroio-
JKEHHOU MeXny (DOKyCHpYIOIIel JIMH30i U HOcUTeJeM MHMOPMAIUU I
KOMIICHCAIIMU SIBJICHUSI TBOMHOTO JIyJeIpeIOMIICHUS B can(rpoBOM MMOMI-
noxke [18]. MukpopenbedHble CTPYKTYpPHl MONYYalOT Ha IMOBEPXHOCTU
cannupoBbIX IOMIOXKEK B pe3yabraTe IUIa3MOXUMUYECKOTO TpPaBICHMS
(puc. 2).

3anuck nHGOpPMaLMU Ha carndupoOBBIi IUCK OCYIISCTBISIETCS Ha CTaH-
LIMY JIa3epHOM 3aIlMCU TUCKOB-OPUTMHAIOB, MCIIOJIb3YeMOIl B IPOU3BOI-
CTBE KOMITaKT-IUCKOB.

BbIBOJIbI

Cos3gaHue ONTUYECKUX HOCUTENICH HOJTOCPOYHOIO XpaHEHUs HaHHBIX
MOXET OCHOBBIBAThCSI Ha HCIIOJB30BAHUM MHUKPOpEIbe(HON 3amucyu MH-
¢dopmauny Ha carupoOBbIX MOMJIOXKKAX. 3aNMCh JAaHHBIX ITPOU3BOAUTCS B
¢dopmaTax, UCIIOIb3YEMBIX IIPH 3aIMCU UH(MOPMALIMK Ha KOMITaKT-IUCKU.
Hcnonp3oBanue candupoBbIX ONTHUYECKUX IVMCKOB ITO3BOJIUT OPraHU30-
BaTh JOJTOCPOYHOE XpaHEHUE JIEKTPOHHON TOKYMEHTAIIKU 0e3 IpruMeHe-
HUSI CJIOXHBIX M JOPOTOCTOSIIIUX TEXHOJIOTUYECKUX TIePEX0I0B U3 I pO-
BOI (hOpMBI B aHAJIOTOBYIO M OOpaTHO, a TakxKe IMOBBICUT 3allUILEHHOCTD
3JICKTPOHHOM MHGMOPMAILIMU OT MOTePh, HECAHKIIMOHUPOBAHHOTO JOCTYyIIa
U BHECEHUS U3MEHEHUN.
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V. V. Petrov, A. A. Kryuchyn, S. M. Shanoylo
OPTICAL CARRIERS FOR LONG-TERM DATA STORAGE

The analysis methods for creating optical carriers for long-term storage is presented.
It is shown that to solve the problem of long-term storage of strategic information can
be using sapphire discs with the microrelief representation of data. The data on the
recording submicron structures on the surface of the sapphire substrate and
reproducing the recorded data by a focused laser beam.

Keywords: optical media, long-term storage of information, sapphire discs
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INEPCIIEKTUBHA BUKOPUCTAHHA
OINTUYHUX HOCIIB 1J1d 3BEPITAHHS
HADPOBUX EJIEKTPOHHUX PECYPCIB

bibariomeuna naanema. 2015. Ne 1 (67). C. 18—20.

CTpiMKUii pO3BUTOK €JIEKTPOHHUX IIU(PPOBUX TEXHOJIOTil 6araTto B YoMy
3MiHMB HaIpsSIM JTisUTbHOCTI 0i0J1i0TeK i paguKaJibHO ITOMiHSIB IOV Ha Oi-
6J1i0TEKYy B cy4yacHOMY CBiTi. Bce yacTillle B CyCIiJIbCTBI 3ByYaTh MOHSTTSI:
eJIEKTpOHHI iH(popMaliiiHi pecypcu, LU@PPOBI ITOKYMEHTH, €JICKTPOHHI
6ibmioTexkn. 30epiraHHsI, PO3BUTOK i pallioHaJlbHe BUKOPUCTAHHS Hallio-
HaJbHUX iH(MOpMaLiiiHUX pecypciB € 3aBIaHHSIM Aep>KaBHOTO 3HAYEHHS.
EnextponHa ¢opma no3Bojisge 30epiraté iH(opMallilo HaiHamiiHime i
KOMIIaKTHO, MOIIMPIOBATH ii HabaraTo onepaTuBHille i mmpiie [1].

IIBMIKO 3pOCTalOTh SIK KiJIbKICTh €JIeKTPOHHMX 0i0MioTeK Tak i obcsaru
NpeacTaBiaeHol B HUX iHdopMaliii. 3pocTaHHs o0csriB iHdopMallii Bindysa-
€ThCS 32 PaXyHOK HOBHUX HAIXOIKEHb, a TAKOX 3a PaxyHOK IOCIiZOBHOL
po6oTH Mo ouudpyBaHHIO paHillle cTBOpeHUX (GoHaiB. ITmanyerbcsa mepe-
Bectu 10 2015 poky 50 % Bcix 6i6mioTeunux dhoHaiB Pocii B iudpoBy dop-
Mmy [2].

3anpoIoHOBaHO i pealli3oBaHO IeKiIbKa CTPYKTYP €JIEKTPOHHUX 0i0Jtio-
TeK, fAKi ycrmimHo ¢yHKLIioHyoTh [3]. [Ipu Oyab-sKiii CTPYKTYpi €1eKTpo-
HHOI 0i0JTiIOTeKM OIHI€I0 3 OCHOBHMX IPOOJIEM 3aJIMIIAEThCS 30epiraHHs
iH(opMallii. 3 Hero 6i0MOTeKN CTUKAIOThLCS SIKIIO He Ha MOYaTKy CTBOPEH-
HSI KOJIEKIIii, TO Yyepe3 OesKuil yac — HeMuHyde. HeoOxinHo 3a0e3neunTu
He JIulle 30epiraHHs eJISKTPOHHUX JOKYMEHTIB, ajie¢ i MOXIMBICTD iX TpU-
BaJIOTO BUKOPUCTAHHS B YMOBaX TEXHOJIOTIM, 1110 CTPiMKO PO3BUBAIOTHCS.

s BUBHAYEHHST BUMOT O CUCTEM i HOCIiB JOBIrOTEPMiHOBOTO 30epiraH-
HSI HEOOXiITHO, B TIEpIIy Yepry, OLiHUTH 00’eM iH(poOpMallil, IpeacTaBIeHOL
B €JIEKTPOHHUX 0i0yioTeKax i apxiBax.
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Huxue HaBeneHi SIK MpuUKiag 00’€MU JaHUX, MPENCTaBICHUX B JAESIKUX
eJIeKTpOHHUX 0i0JioTeKax i apxiBax pizHoro piBH [1].

O0’eMu 1aHKX B eJIEKTPOHHUX 0i0ioTeKax i apxiBax

U Enexrponnuii | O6'eM doHaiB
bibnioreka P donis,

pecypc of1. 30epiraHHs
Enekrponi 6i0mioTekn
biomioreka Konrpecy CILIA 10 Toaiit 134-108
HauionanpHa 6i6mioreka Jamii 236 Toaiir
Pociiicbka nepxaBHa 0ibnioTeka 162 Toairt 43,1-10°

HauionanbsHa 6i6ioteka binopyci
«EnekTpoHHUI1 apXiB HaLliOHAJBHOT 300 I'éaiT 38,813-103
nepioguku» (EAHIT)

HanionanpHa 6i61ioreka Ykpainu

~ i 106
imMeHi. B.1. BepHaacpkoro =2 Toaitr 1510
Enexrponsi apxiBu

ApXiB aBCTpaliicbKOro cerMeHTy IHTepHeT N . 1n6
(PANDORA) ~7 ToaiT 200-10
ApxiB Binopyci 735 T'Gaiir 735103
Apxis HIIII «Teoindopm Ykpaina» ~160 T6aiiT 184-103

Crig 3a3HaYUTH, 110 00’€M JAaHUX, TIPEIACTABICHUX B €JIEKTPOHHOMY BU-
IS, TIoCTiiiHO 30inbinyeThesi. Hanpuknan, B biomioreni Konrpecy CIIIA
LIOJHST CKaHYEThes Bif 75 mo 200 mOKyMeHTIB, (pOHI eJIEKTPOHHUX JOKY-
MeHTiB PpaHIIy3bK01 HallioOHAJIBHOI 0i0IioTeKN 1IOpiK 3pocTae Ha 150 Tu-
CS14 IOKYMEHTIB.

OgHMM 3 OCHOBHUX TEXHIYHUX pillleHb IPM OpraHizaillii 30epiraHHs na-
HHUX € BUKOPUCTAHHS i€papXivHOI CTPYKTYPHU 3araM’ITOBYIOUMX IIPHUCTPOIB.
IIpoGnemMy mOBroTepMiHOBOTO 30epiraHHsa UM(PPOBUX JOKYMEHTIB ITOTpPiO-
HO MOYMHATH BUPILIYBaTH Ha eTami iX cTBOopeHHs. binbine 65 % BapTocTi
TEXHOJIOTIYHOIO TIPOLECY XUTTEBOTO ILUKIY LUMPOBUX JOKYMEHTIB Bil
CTBOpEHHSI 10 30epeKeHHS CKJIagae caMme 3a0e3rnedeHHs 30epiranys, i 3 ya-
COM 115 107151 30inblIyBaTUMeThesl. He MoxkHa BupilyBaTh mpooJieMmy 30epi-
raHHS OKpeMO, BOHa Ma€ OyTW 3B’s13aHa B €IUHUI TEXHOJOTIYHUNA ITUKIT

99



B. B. Ilempos, A. A. Kprouun

CTBOpPEHHSI — 0OpOOKM — 30epiraHHsI — BUKOPMCTAHHS LMPPOBUX JOKY-
MEHTIB [4].

IIpakTnyHoO BCi iEpapXiyHi CTpYKTypH 30epiraHHsI JaHUX IMependavyaroTh
BUKOPUCTAHHS ONTUYHUX HOCIIB IJig apxiBHOro 30epiranHs gaHux. Cbo-
TOJIHI HANMOMYJSPHIIINI Ccriocid 30epiraHHsa JaHUX — 1€ BUKOPMCTAHHS
DVD-nuckis. ITpote 43 % kopucTyBauiB 30epiraioTh CBOI (hailjii Ha HOCIi-
SIX, TepMiH 30epiraHHs Ille MEHILWI, HiXK B ONTUYHUX AUCKIB [5]. 3a maHu-
mu, omyomikoBanumu acouianielo OSTA (Optical Storage Technology
Association), nuie 47 % DVD 3 ogHOpa30BUM 3alMcoOM 3a0e3Ie4yI0Th
TepMiH 30epiraHHs Oinble 15 pokiB, AesKi HoOCii boro Tumy — auiie 1,9
pokiB. 3amuc Ha DVD-gucku BimOyBaeTbCs 3 BUKOPHMCTaHHSIM METOIIB
ONTUYHOI a00 €JIEKTPOHHOI MIKpPOCKOIIil, i SIKII0 HAacTaHe TakKa HeoOXind-
HICTb, TO MIPOYMUTATU JaHi 3 MOAIOHOIO HOCISI MOXJIMBO MPU CTBOPEHHI Mi-
KpOpeJabe(HUX CTPYKTYP. AJle IJIT TPUBAJIOro 30epiraHHs IUCKU HE BapTo
BUKOPHUCTOBYBAaTHM B OCHOBHOMY 4epe3 Te, 1[0 UNMHHUKU TOBKI/UIS 3ryOHO
BIUTMBAIOTh HA KOMIIOHEHTH, 3 SIKMX BUTOTOBJICHUI TUCK.

Po3po0bseHi apxiBHI CXOBUILA JAHUX HAa ONTUYHUX JUCKAX EMHICTIO Oilb-
ure 34 Toaiit 3 TepMminoM 30epiranHs Oinbire 50 pokis [6]. Haituacriie npu
BUOOPi TUITIB ONITUYHUX HOCIIB 00MEXYIOThCSI Hali3araJIbHillIMMU PEKOMEH-
NalissMU TUIY:

— HeoOXiJHO BUKOPUCTOBYBATH HOCII BiTOMUX BUPDOOHMUKIB;

— 3aCTOCOBYBAaTH HOCII pi3HUX TUITiB.

ITpoBoagThCS YMCIEHHI JOCTiIXKEHHS IO CTBOPEHHIO CITelialIbHUX HOCi-
iB 3 OIHOPA30BUM 3aITMCOM JIJIsl apXiBHOTO 30epiraHHs. Y HOCisIX 3 ogHOpa-
30BHM 3aIIMCOM MPOIIOHYETHhCS BUKOPHMCTOBYBATU CIielliaJibHi OApBHUKU 3
OiJIbII BUCOKMMU TeMIleparypaMu (da3oBUX IepexoliB i (pOTOUyTIMBUMU
MaTepiajJaMu 3 He3BOPOTHUMU (pa30BUMMU TIepexoaMiu, a TAaKOX BigOMBalo-
Yi mapu, 110 MiCTITb 30J10TO [7].

YV KoMmakT-aucKax 3 OIHOPa30BUM 3aIllMCOM TEPMiH CIIY>KOM HOCisl BU-
3HAYa€EThCSI B OCHOBHOMY 3MiHAMM XapaKTePUCTUK PEECTPYBAIBHOTO Cepe-
JIoBMIIA (B SIKOCTi KOTPpMX HaiyacTillle BUKOPUCTOBYIOTh OpraHiuHi OapB-
HUKM). PeecTpyBaibHEe cepemoBHUIlle HANOIAbII YYTAWBE OO ITiABUILEHOL
BOJIOTOCTi. 3a pi3HUMM OLIIHKAMM JOBTOBiUHICTh KOMITAKT-IUCKIB MOXKe
cranoBuTH Bif 30 10 50 pokiB. OLiHKK 0a3yl0ThCS Ha MIPUCKOPEHUX TeCTax
CTapiHHSI KOMIAKT-AMCKIB ITPY MiABUILIEHUX TEMIIEPATYPI i BOJOTOCTi.

st 3a0e3meyeHHsI JOBroTepMiHOBOTO 30epiraHHs JaHUX CTBOPIOIOTHCS i
BXE BUKOPHCTOBYIOTbCS TpodeciitHi ONTHYHI OMCKU. [X TOIOBHOIO 0CO6-
JIMBICTIO € BUKOPMCTAHHS BUCOKOCTAOITbHMX MaTepialliB, K JIJIT CTBOPEHHS
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MiOKIamoK, Tak i iHbopmaiiliHux mapis. [lepimum 3pa3koM mpodeciiitHux
OINTUYHUX IWCKIB IJIs1 apxiBHOro 30epiraHHsa € mucku turmy UDO (ultra
density optical — HagmIiIbHUIA onTUYHMIT). Taki AUCKU po3poduiIa i BUITY-
ckae kommnanist Plasmon. UDO-Hocii MOXyTh OyTH BUKOPUCTaHI B IBOX pe-
KUMax: TIpu peBepcuBHOMY 3anuci abo 3anmuci WORM. IIpouec 3anucy B
pexxumi WORM BinOyBa€eThCs 3a paXyHOK 3MiHM CTPYKTYpPU MaTepialy pee-
CTPYBaJIbHOTO CEpedOBHUIlAa Ha MOJEKYISIPHOMY piBHi, BiH rapaHTye He-
MOXIJIMBICTb 3MiHM 3amucaHoi iH¢opmauii Ha Hocigsx UDO. €wmHicTb
5,25-moiimoBoro UDO-Hocist ctanoButh 30 ['0aitT, a rapaHTOBaHUII Tep-
MiH 30epiranHsi maHux mnepeBuinye S50 pokiB. HaiiBuima niug cydacHux
ONTUYHUX HOCIIB IIUIbHICTh 3aMMCY HOCSATAETHCS 32 PAXyHOK BUKOPUCTAH-
HsI 1a3epiB 3 JoBxXMHOI0 XxBri 405 M. Y 2006 potii 3aBepiumiacs po3pooka
UDO-nocis emHictio 60 I'baiit, a B 2008 poui — 120 I'baiit. Ilependauero,
110 MIPMCTPOI 3aIMCy/BiATBOPEeHHs iHMOpMAaIlii I KX HOCIiB 3aI10BOJIb-
HATUMYTb BUMOTaM 3BOPOTHOI CYMiCHOCTi. 3amuc i BiZTBOPEHHSI HaHUX 3
UDO-HociiB BUMarae 3acTOCyBaHHSI CIeILiaJJbHUX MPUCTPOIB, 110 Bimpis-
HSIIOTBCS BiJl CUCTEMH 3aIIUCY/BiITBOPEHHS JaHUX 3 KOMITAKT-IHUCKiB.

[HIIMiA, HA HAII MOMISIA, MEPCIEKTUBHIIINI HAIIPSM JOCTiIKEHb IO -
ra€ B yIOCKOHAJIEHHI TEXHOJIOTil BATOTOBJIEHHS KOMITaKT-AMUCKIiB, sika 0 10-
3BOJIMJIA iCTOTHO 30iJIBIIMTHU TapaHTOBAaHUI TepMiH 30epiraHHs iHpopMma-
1ii, 3 ogHOro OOKy, a 3 iHIIOTO — 30eperT¥ MOXKJIMBICTb YMTAHHS iX
CTaHIAPTHUMU IIPUCTPOSIMU BiITBOPEHHS TaHUX KOMITAKT-IUCKIiB.

[TinBulIeHHST rapaHTOBAHOTO TePMiHYy 30epiraHHs JaHUX JOCITAaEThCS 3a
pPaxyHOK TOTO, 110 3alUC JAaHUX 3AiMCHIOETHCS Y BUIISAI MiKpopeabe(HOL
CTPYKTYpPH B 11api BUCOKOCTa0iIbHOrO Marepiany. TemnepaTypa ruiaBiaeHHs
1IbOTO MaTepiany B 2-3 pa3u IepeBUIIYE TeMIIEpaTypy IJIaBJICHHS OpraHid-
HUX OapBHUKIB, 3aCTOCOBAHUX SIK PEECTPYBAJIbHE CEPEIOBUIINEC B KOM-
MMaKT-AUCKaX 3 OMHOPA30BUM 3anmiucoM. DaKTUYHO IPOIOHYEThCS CTPYKTY-
pa Hocig iHdopwmaliil repimux onTUYHUX JuckiB WORM, B IKUX IIMPOKO
3aCTOCOBYBaBCs IepdopalliliHM 3aIIUC Ha TOHKUX CKJIOMOMIOHMX XaJbKO-
reHimHMx HamiBnpoBigHuKax [8]. IIpoBeneHi MOCTiIKEHHS 3pa3KiB ONMTUY-
HUX CKJISTHMX OUCKIB 3 PEECTPYBAIBHUMU CEPEIOBUIIIAMY TaAKOTO TUITY I10-
Kaszajiy, 1o ITicast 30epiraHHs npoTsaroM 25-30 pokiB B HeOITalTIOBaJIbHUX
MpUMILIEeHHSIX (hopMa i po3Mipu MiTiB 30eperaucs [9].

JJ1s1 iCTOTHOTO IMiIBUILIEHHS TEPMiHiB CIYXXKOM ONTUYHUX HOCIIB MPOIIO-
HYETbHCSI BAKOPUCTOBYBATU HOCII, B SIKUX 3aCTOCOBYIOThCS MiAKIAAKU 3 BU-
COKOCTa0inpbHUX MartepianiB. OJHUM 3 BapiaHTiB BUTOTOBJICHHST TAKMX HO-
CiiB € BUKOPMCTaHHS MeTajJeBUX HiKeJeBUX Minkiaamok. MakTnyHo 11s1
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JIOBrOoTepMiHOBOTO 30epiraHHs iH(popMallii MPOMOHYETHCS BUKOPHUCTOBYBA-
THU HIKeJeBi IUTaMIM, $IKi 3aCTOCOBYIOTbCS IIPU TUPaXyBaHHI KOM-
nakT-guckiB [10, 11, 12]. Komisg maTpulii, sika BAKOPUCTOBYETLCS IIJIsSI BU-
JaHHS KOMIIAKT-AUCKa, IepeAaeThcs M apXiBHOro 30epiranHs [11]. Taka
TEXHOJIOTisI TOBrOTEPMiHOBOTO 30epiraHHs JaHUX YCIIIIIHO 3aCTOCOBYETHCS
B psifii KpaiH ajist 30epiraHHs MyJBTUMEAiHOI iHhopMalii.

IlepenbavyaeTbes, 110 TaKi HOCiI BUTOTOBIISIIOTHCS Ha CIelliali30BaHMUX
IMIIIPUEMCTBAX Ha 3aMOBJICHHSI apXiBHUX YCTaHOB i 0i0mioTek. I1pormo3uirist
BUTOTOBJISITU HOCI1 151 TOBrOTEPMiHOBOTO 30€piraHHs Ha Creliali3oBaHUX
MiATPUEMCTBAX PO3LIUPSIE KiTbKICTh MOXJIMBUX TEXHOJIOTiA BUTOTOBJIEHHS
HocCiiB. 30KpeMa, MPOMOHYEThCSI BUTOTOBJISITU HOCII 3 rojiorpadiyHuM 3a-
M1COM 3 TepMiHOM 30epiraHHs Ginbie 50 pokis [7].

Ha crorogHiniHii neHp HiMelbKa ipma Syylex mpoIoHy€e TUCKU i3 CIie-
miaapHOTO ckia «Glassmasterdisc», sIKi 3gaTHI 30epiraTu 3anucaHy iHpop-
Maitito BrpomoBx 1000 pokiB (SIK rapaHTYIOTh BUPOOHUKM TaKUX JUCKIB).
CkJ10, sIKe € B OCHOBiI KOHCTPYKIIii JaHWX AUCKIB, CTiliKe M0 XiMiYHUX pea-
reHTiB. BapTicTh caMoro nucka ctaHoBUTh 150 €Bpo, a 10ro BUTOTOBJIEHHS
3MiCHIOETHCS B iHAMBIAYaJIbHOMY MOPSIAKY IMPoTsaroM 5-10 nHiB.

Jns migBUIIEHHST TapaHTOBAaHMX TEPMiHiB 30epiraHHs JaHUX Ha ONTUY-
HUX HOCISIX TPOIOHYETLCS BUKOPHUCTOBYBATH B SKOCTI IMTIKJIATOK OibII
CTabiIbHI MaTepiajli 3 BUCOKMMMU TeMIIepaTypaMuy ILUIaBJIEHHS, TakKi SIK
kBapi [13] i candip [13]. TTpu po3poO1ii TaKUX HOCIIB TOJIOBHA yBara Mpui-
JISIETbCSI HE MOCSITHEHHIO BMCOKOI IIiIBHOCTI 3allMCy i €EMHOCTiI HOCIiB, a
CTBOPEHHIO IIPUCTPOIB, IO 3a0e3MeYyloTh TapaHTOBaHE ITOBTOTEPMiHOBE
30epiraHHsa Jjanux. OgHa 3 TeXHIYHUX MPo0JIeM, sIKa BUHUKAE TP 3aCTOCY-
BaHHI B HOCisIX iH(opMallii MigKJIaJoK 3 KpUCTATIYHUX MaTepialiB, IMOJISITae
B TOMY, 10 ONTHUYHA aHI30TPOIisl MaTepially MiAKIagoK MPU3BOAUTH IO
po3MUTTS chokycoBaHOi IsiMHU. Lle po3MMTTS, SIK ITOKa3aJM IPOBeACHi
HaMHU JOCITIIKEHHS, MOXHa YCYHYTH 3a IOIIOMOTOIO CITeIliaTbHMX KOMITCH-
CYIOUUX ONTUYHMX eraeMeHTiB [13]. BukopucTtaHHS TaKMX €JIEMEHTIB 10-
LIJIbHE i B ONTUYHUX HOCISIX, B SIKUX 3aCTOCOBYEThCS camdipoBi 3aXuUCHi
IMCKH, KPi3b SIKi 3MiMCHIOETbCS BiITBOpeHHS naHux [13].

ITocTiitHO MpPU CTBOPEHHI CMCTEM JIOBrOTEpMiHOBOTO 30epiraHHs JaHUX
BUHMKA€E MUTAHHSI — YM 3MOXKEMO MU MPOYUTATH AaHi IIPU BUXOMi 3 JaLy
MPUCTPOIB BiATBOpeHHS [14].

VY 3B’s3Ky 3 TUM, IIIO TIpo0JieMa JOBrOTEPMiHOBOIO 30epiraHHs JaHUX B
G poBOMY BUIIISIAI JaIeKO Ilie He BUPIllIeHa, TIPOIIOHYETHCS OpraHi3yBaTu
30epiraHHs JaHUX Ha MikpodinbMax i Ha crieliaTbHUX KBapLIOBUX i cardi-
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POBHX HOCIsIX B aHaytorosiit popwmi [15,16]. IlependavaeTncs, 1o Taka dop-
Ma NpEeACTABJICHHSI JaHUX NO03BOJIMTh HaJiiHillE BiATBOPIOBATU AaHi Mpu
3MiHi oIepaliifHuX cucTeM abo TMOBHIM 3MiHi IPUCTPOIB BiITBOPEHHS Ja-
HUX.
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TEXHOJOI'TI CTBOPEHHS OIITUYHUX HOCIIB
JJIA CUCTEM JOBI'OTEPMIHOBOI'O 36EPITAHHA
JAHUX

Peecmpauis, 36epicanns i 06podka danux. 2017. T. 19. Ne [. C.3-13.

BusHauyeHo nepeBaru CUCTeM JOBroTepPMiHOBOIO 30epiraHHs JaHUX, B IKUX BUKO-
PUCTOBYIOThCSI HOCIi 3 OTNITUYHUM 3UMTYBAHHSIM, 1110 BUTOTOBJICHI 3 BUCOKOCTA01JIb-
HuUx MatepiaiiB. [TokazaHo, 110 CyTTEBO 30LIBLIMTU CTPOKHU 30epiraHHsS JaHUX Ha
OINTUYHMX HOCISIX MOXJIMBO 3 TIEPEXOAOM Ha BMKOPMCTAHHS MiIKJIagoK 3 Heopra-
HiYHMX MaTepiajiB. 3aMiHa MaTepialiB (POTOUYTIMBMX IIApiB ONTUYHMX HOCIIB 3
onHopa3oBuM 3anucoM (WORM-Hocii) He 103BOJIsIE B TOBHOMY 00C$I3i peantizyBaTu
MOTEeHLIiAHI MOXJIMBOCTI ONTUYHUX METOJIB 3amucy i3 3a0e3reyeHHs JOBroTepMi-
HOBOTro 30epiraHHs JaHuX. BkazaHo, 110 hopMa mpencTaBiIeHHs JaHUX Ha ONTHY-
HUX HOCISIX JOBrOTepMiHOBOTO 30epiraHHsl IMOBMHHA JOMYCKAaTU MOXKJIMBICTb Bil-
TBOPEHHSI TaHUX Pi3HUMU METOIAMMU.

KmouoBi cioBa: ontuuHi Hocii, mTOBrorepMiHOBe 30epiraHHs iHdboOpMallii, mpem-
CTaBJICHHS JaHUX, TiIKJIaJIK1, BUCOKOCTA0IbHI MaTepiain, peecTpyBajibHi cepeno-
BUIIIA.

BCTVYII

3anaua 30epexeHHs iHbopMallii € ONHIEIO 3 aKTyalbHUX 3a1a4 iH(popma-
LiAHUX TEXHOJOTI, IpX BUPIIIEHH] IKOI HeOOXiTHO 3a0e3MeuynT HadiliHe
Ta KOMIAKTHe 30epiraHHs K yXe HaKOMUWUYeHOi, TaK i HOBOI iH(opMallii.
IMuTtanHsg goBroTepMiHOBOrO 30epiraHHs iHpopMallii 3aBXAN MTPUBEPTATIO
yBary JIIOACTBA i 3apa3 3aJIMILAETbCS OOHUM i3 HAMBaXKJIMBILLIMX 3aBIaHb
apxiBHUX ycTaHOB i 6i0omioTek. CydacHi TEXHOJIOTIi JTOBrOTEpMiHOBOTO
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30epiraHHs iHGopMallii 6a3yroThCS Ha METOI Mirpalii JaHuX, sKa IIPU opi-
€HTallil HA BUKOPUCTAHHS XKOPCTKUX MAarHiTHUX JUCKIB JJIs1 JOBrOTEPMiHO-
Boro 30epiraHHs iHgopmallii mepeadadae mocTiiiHuil (KOXHi 4—5 pOKiB)
nepe3arnuc TaHuX Ha HOBi Hocii iHpopmaiiii [1]. TexHonoris 1oBrorepMiHo-
BOTO 30epiraHHs iH(popMallil 3 BUKOPUCTaHHSIM HOCIiB iH(opMallil 3 MaTuMm
CTPOKOM CJIY>KOM i MOCTIHHUM MPOBEAEHHSIM IIPOLIeCy Mirpailii € BUCOKO-
BUTPATHOIO i He 3a0e31euye BUCOKOI HaliifHOCTI 30epiraHHs maHux. 30epe-
KEeHHST JaHUX Yy TUPPOBiit ¢popMi ImigHiMae TpobieMy MPUHLIMIIOBO iHIIIOL
MPUPOIN, SIKi TOZAIOTHCS IO MPpobjeM 30epeskeHHS TPaTULIiIHIX TOKYMEH-
TalbHUX MaTepiaiB. OgHa 3 Mpo0bJieM IoJISITaE B TOMY, 1110 Hocii iHopMa-
1Iii 1151 30epiraHHsT JOKYMEHTIB Y IMMPOBiil hopMi MalOTh MEHIIIUN TepMiH
30epiraHHs JaHUX HaBiTh B ifeaIbHMX YMOBaX, TaKi HOCIi Bpa3/juBi A0 KaTa-
cTpodiyHMX BTpaT 3amucaHoi iHgopMalii. 3arpo3m BTpatv iH(popmallii,
sIKa 30epira€Tbcs Ha CydacHUX LIM(POBUX HOCIAX, SAKICHO BiIpi3HSIOTHCS
BiI mpoGsieM 30epiraHHs JaHUX Ha TpamaMIiMHUX HOCISX. AKicTh mudpoBux
HOCIiB 32 MEBHUX YMOB MOX€E IIBUAKO MOTipIIyBaTUCS, 1110 POOUTh TEPMiHU
pillieHb i miil 11010 3aI100iraHHs BTpaTaM IUTaHHSM POKiB, a HE HECATH-
nith. TlomimmeHHsT cTabiIbHOCTI XapaKTEPUCTUK, EMHOCTI, TOBrOBIYHOCTI
(P POBUX HOCIIB JO3BOJIUTDH Pi3KO 3HU3UTHU BPA3IUBICTh IMMDPOBUX MaTe-
piajiB 10 BIUIMBY 30BHIllIHiX (paKTOpiB i 3HU3UTU BUTpATU Ha 30epiraHHs
nmaHux [2]. HemoBipa 10 MoXJIMBOCTeil LMMPOBUX HOCIIB 3abe3IeuyBaTu
BUCOKY HaJilfHiCTh JOBTOTEPMiHOBOTO 30epiraHHs JaHUX Y TU(OPOBOMY BU-
ISl MPU3BOAUTH A0 TOTO, IO Y 0araTboX BUMAIKax He 3MiHEHO 3aKOHO-
JIaBCTBO, SIKE Iepeadadyae HEOOXiMHICTh mapayebHO 3 IIUGMPOBUMHU HOCIs-
MM 30epiratu B apxiBaxX IanepoBi TOKYMEHTU, B TOMY YMCJIi # ONUCHU
nokyMeHTiB. IIpu 1IboMy BUKOpUCTAHHSI HU(MPOBUX KOl JTOKYMEHTIB B
apxiBax, y Ileplly 4yepry, oOyMOBJIE€HO HEOOXiJHICTIO BUpIillleHHS MUTaHHS
BUKOHAHHS TMOLIYKOBUX 3anuTiB [10].

BincyTHicTh BUCOKOEMHMX HOCIiB 3 LM(POBUM 3aMKUCOM, SIKi MaloTh
TPUBAIMI rapaHTOBAHUI TEPMiH 30epiraHHs JaHUX, MPU3BOIUTH IO TOTO,
IO UISI apXiBHOTIO 30epiraHHS JaHWX IIMPOKO BUKOPHCTOBYIOTH MiKpO-
GbinbMU 3 aHAJIOTOBUM cIiocoboM 3anucy. [Ipu BUKopuCcTaHHI cydacHUX Ma-
TepialiB IJig IXHOTO BUTOTOBJIEHHS i OCOOJMBMX YMOB 30epiraHHs MiKpo-
GinbMiB, BOHU MOXYTb 3a0e31e4yBaTi 30epiraHHs JaHUX IIPOTSITOM COTEHb
poKiB [4, 5]. TakuM YMHOM, aKTyaJbHOIO 3aa4€el0 € CTBOPEHHS e(heKTUBHOL
iH(pacTpyKTypH 30epiraHHs iHpopMallii, Ika 3a0e3Ireuye OTpUMaHHS He-
0o0xigHO1 iH(opMallii, rapaHTye NOBroTepMiHOBE Ta HafiliHe 30epiraHHs
TaHUX.
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AHAJII3 TEXHOJIOTTM CTBOPEHHS HOCIIB
A CUCTEM JOBIOTEPMIHOBOTI'O 35EPITAHHA JAHUX

Haii6inpi cTiiikumMu 10 pyiHIBHOTO BIUIMBY Yacy BUSIBUJIACS Ti IaM’sIT-
HUKM IMMCbMOBOI Ta 00pa30TBOPYOI KYJALTYPH, SIKi Oy/IM BUKOHAHi Ha TBep-
IUX MaTepiaJIbHUX HOCISIX — KaMeHsX, MeTali, Kepamili. CaMe 3aBOSIKUA
LIOMY JI0 HaC DiALILIM TIWHSHI TAaOJUUYKY ITyMepiB (TepMiH 30epiraHHs 110-
Hag 4000 pokiB), po3mudpoBaHi eruneTchki iepormicdn («Po3eTchbkmii Ka-
MiHb», MaTepian — OJaKUTHUII MapMyp, TepMiH 30epiraHHs moHan 2000
POKiB), TaBHBOIHIIMCHKI MUcbMeHa (KoysioHa B [eni, Marepian — 3aii3o,
TepMiH 36epiranHs rmoHan 1600 pokiB). 36epiraHHs iHGopMallil Ha TBEPIANX
HOCISIX TUCSYOJITTSIMU BBaXXaJoCsd CaMUM HaOilfHMM CIIOCOOOM 30eperTu
3HAaHHS MIPOTATOM CTOJITh [6]. Bubip onTuMaibHOI TeXHOJIOTl 30epiraHHs
JaHUX MOXeE 3AiMCHIOBATUCS 3 BUKOPUCTAHHSIM TaKMX KPUTEPiiB: BAPTiCTh,
JMOBIOBIYHICTb i CTPOKU Mirpaiiii naHux. s HociiB iHdopmaltii ycix TuimiB 3
Pi3HUMM CIIOCOOAMU 3aMUCYy CIIOCTEPIra€ThCs 3arajibHa 3aKOHOMIipHIiCTh —
3HUKEHHS TEPMiHiB 30epiraHHsI JaHUX TIPU 30iIbIIEHHI IIIJIBHOCTI 3aIUCy
(HaBemeHi Ha pUCYHKY) [7].

TonoBHUM 00MEXYIOUMM YNHHUKOM JI0 BU3HAUYEHHS YKciia 00’ €KTIB, SKi
HeoOXigHO 30epiraTy TpUBaIUii yac MoxXe OyTU BapTiCTh 30epiraHHs TaHMX.
JloCIIiIHUKM CHCTEeM IOBrOTepMiHOBOTO 30epiraHHs iH(opMallii Big3Hava-
[0Th, 110 BapTiCThb OpraHizallii mpolecy JOBroTepMiHOBOro 30epiraHHs Ja-
HUX € BUCOKOIO Ta 6arato B YoMy BM3HAYAETHCS BAPTICTIO i XapaKTepUCTU-
KaMU BUKOPUCTOBYBAaHUX HOCIiB iH(popMallii.

100.000.000 =
10.000.000 —
1.000.000 —
100.000 -
10.000 —
1.000 -
100
10 <
1 T T T T |
Nanipycu ryTen6epr rasetu Mikpodiwm Cmi‘i:.lf'i
TnuHaHi IntoctpoBaHi  [pykapctBo  MiKponnisku onTuyHi
Tabanukm pyKonucy XIX cropiuus auncku
Ctpok po60TH, poku === = |llinbHiCTb 3aNUCY, eIIeMeHT/AK)ﬁMZ

IinbHicTh 3anucy iH(opMallii Ta TepMiHU 30epiraHHs iHopMmallii Ha pi3HUX HOCisIX [7]
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BaxnuBuM KputepieM misi BU3HAuYeHHST e(eKTMBHOCTI CUCTEM 30epi-
TaHHS JaHUX € CEpeaHs] TPUBANIICTD XXUTTS LIM(pPOBUX HOCIiB. Bubip Hocis
3 TOBFOTPUBAJIMM CTPOKOM 30epiraHHs JaHUX I apXiByBaHHS LIM(POBOTO
KOHTEHTY BIUIMBAE He TIJIbKM Ha I[iHU, ajie i TAKOX Ha JOBTOCTPOKOBY 0e3-
neky 06’exTiB. TumnoBi uudpoBi Hocil iHpopMallii MalOTb O4iKyBaHy TpUBa-
JICTh XKUTTA Big 3 mo 10 pokiB, Ipy IIbOMY peaTbHUI TepMiH MOIIKOIKEHHST
iHdDOpMaIliiHOI CTPYKTYpU HEMOXKJIMBO MependoaunT. HemoBra TpuBaicTh
JKUTTS HOCiIB, B TOEAHAHHI 3 Hee(heKTUBHUMM Ta Yaco3aTpaTHUMU IIPOLie-
JIIypaM# Pe3epBHOIO KOIiIOBaHHS MOXYTh IIPMU3BECTU 10 BTPATHU LIM(MPOBO-
ro KOHTEHTY, SIKW TiIIsarae JOBroTpuBajioMy 30epiraHHio. TpeTiit Kpute-
piii, IKMii BKJIIOYa€E B cede TepMiH CIIy>KOM Hocig iHdopMallii i moB’s13aHi 3
LIMM BUTpaTy Ha LKndpoBe 30epexkeHHsT — 1€ CTPOKM Mirpailii naHux. Ko-
KeH uudpoBuit HOci# i Oyab-s1Ka M(poBa cucTeMa Ma€ OOMEXeHUI Tep-
MiH cITy>KOM. 3 METOIO0 CYTTEBOTO 30iJIbILIEHHSI CTPOKIB 30epeKeHHs 1IU(PPO-
BUX OO’€KTiB, OiJbILIICTh LM@PPOBMX HOCIIB iH(popMalii MOBUMHHI OyTH
MOHOBJIEH], a00 iH(pOopMalIisl 3 HUX Ma€ peryJIsipHO MepeHOCUTHCS Ha iHIII
Hocii. BapTicTh mepexomy Big OMHOTO MOKOJIiIHHS HOCIiB 10 iHIIIOro, abo 3
OJHOTO BUIY HOCIiB Ha iHIIIMI TUIT MOXe CTAHOBUTHU 3HAYHY podiemy. Mi-
rpatist Oyae BKJIOYaTHA BapTiCTh HOBUX HOCIIB Ta HOBUX CHUCTEM, ajie BOHa
MOBMHHA TAaKOX BK/IIOYATH BUTPATH Ha IePCOHAJ YIpPaBIiHHS 3aMiHOIO i
MPOLIECOM TEPEBiPKU, ISl TOTO 1100 IEePEeKOHATHUCS, 110 B IIPOIIECi ITepexo-
JIy He CIIOCTepiraeThes BTpaTa JaHHUX abo aerpanauii HociiB [1]. Haii6inbix
TOCTPO IMTAaHHSI MOBTOTEPMiHOBOIO 30epiraHHs iHcbopMallil CTOITh IS
apxiBHUX ¢oHIiB. Ha choromHi, yepe3 BiACYTHICTh HasSIBHMX €JIEKTPOHHUX
HOCIiB, AKi 0 rapaHTyBanu 30epiraHHs iH@opMmaiii 6inbire Hixx 100 pokiB,
nepexiz 3 aHaJIOroBOro MOJaHHS JaHUX (MaIrepoBi JOKYMEHTH) 10 LIU(PPO-
BOTO € MpakTU4YHO HeMoxiauBuM [3]. Ha kanb, cydyacHi Hocii maHux He
3MaTHi 3a0e3IMeYnTH TOBIrOCTPOKOBE 30epiraHHs maHux. Iloxkexkeio y Be-
xax-6m3Hiokax (Hpio-Mopk, 11.09.2001 p.) Gyy0 3HUIIEHO aGCOTIOTHO
BCi 1MdpoBi HOCil. Y 1IbOMY BUITAIKy BapTO 3rafaT Mpo TJIMHSIHI TaOJINIKU
LIyMEpiB, IKi B IIIOCTOMY CTOJITTI 10 HAIIIOi €pU BUTPUMAJIH TTOKEXKY B 010-
Jioreni Amryp6aHiraiia Ta 30eperiaucs 10 Hauoro yacy [32].

AJIBTepHATMBHOIO TEXHOJIOTIEI0 JOBTOTEPMiHOBOTO 30epiraHHS JaHUX
MOe OyTH BUKOPUCTAHHS HOCIIB 3 TPUBAJIUM TapaHTOBAHUM CTPOKOM €KC-
Iulyarallii, il mepeBara MoJjsira€ B TOMY, 1110 CYTTEBO 3MEHIIYIOThCSI BUTpaTU
Ha 30epiraHHsI JaHUX 3a paxyHOK 30ilbIIeHHS Tepioay Mirpauii gaHux [1,
32].
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MOTEHUIWUHI MOXJIMBOCTI ONTUYHUX HOCIiB IHOOPMALIIT
JUIA BABE3NNEYEHHA JOBITOTEPMIHOBOI'O 35EPITAHHA JAHUX

IIpotsarom Oinbiie 35 poKiB ONTUYHI IMCKM BUKOPUCTOBYIOThCS SIK apXi-
BU JIJISI TPMBAJIOTO 30epiraHHs HaWBaXXKJIMBIILIOI HAYKOBO-TEXHIYHOI iH(pOp-
Mallii, TaTeHTHOI i TeX-HiYHOI JOKYMEHTaLlii, MeAUYHUX i IOPUINYHUX 10-
KYMEHTIB, PEHTTeHIiBCbKMX 3HIMKiB TOIIO. 3apa3 OCHOBHOIO OO0JIACTIO
BUKOPUCTAHHS ONTUYHUX JUCKIB € apXxiBallisl JaHUX.

YceninrHe BUKOPUCTaHHST ONTUYHUX AUCKIB IJIs1 JOBTOTEPMiHOBOTO 30€e-
piraHHsl OaHUX Oa3yeTbCSI HAa OCHOBI MOXJIMBOCTEM i XapaKTepUCTUK
oNTUYHOTO 3anucy. OnTu4-Hi HOCII IJIsI JOBrOTEPMiHOBOTO 30epiraHHs Ja-
HUX MalOTh CYTTEBI IlepeBaru IOPiBHSHO 3 iHIIUMM TEXHOJOTISIMU 30epi-
TaHHS TaHUX, a caMe:

1) 3anmuc iHdopmallii Ha ONTUYHI JUCKU € 0€3KOHTAKTHUM, 1110 BUKJTIO-
Ya€ MOIIKOMXKEHHsI TTOBepXHi Hocisg. Takuii 3amuc JaHUX Ma€ iCTOTHY Tiepe-
Bary, KOJIM HEOoOXiZHO 3a0e3MeYnTU JOBTOTEPMiHOBE 30epiraHHs IaHMX.
BimHocHa nmpocToTa cnoco0y BiATBOPEHHS O3HA4Yae, 110 MaiOyTHI ONTUYHI
CUCTEMU BiATBOPEHHS JIETKO MOXYTb OyTH amaInToBaHi B Mipy HeOOXigHO-
CTi, 11100 MPOYMTATH JaHi, SIKi TOCTIMHO 30€piratoTbCsl Ha ONTUYHUX TUCKAX
[81;

2) nogaHHs iH(opMallii Ha TOBEPXHi ONITMYHUX HOCIIB iH(hopMallii y BU-
ISl MiKpopeabedy CTPYKTYP TO3BOJISIE 3UYMTYBATH 3alrcaHy iHGopMmallito
3a JOIOMOTOI0 Pi3HMX METOMIB. 3amnrcaHi 300paxkeHHSI MOXYTh OYTH TIpoa-
HaJli30BaHIi Bi3yaJlbHO 3 BUKOPUCTAHHSIM ONTUYHUX MPUIIAIB;

3) n1g BUTOTOBJICHHS ONITUYHUX HOCIiB MOXYTh OYTU BUKOPHCTaHi BUCO-
KOCTa-OiJIbHI MaTepiajii, 3MiHM BJIACTUBOCTEH SIKUX BimOyBalOTbCS IPHU
temmepatypi Buie 2000 °C;

4) BiATBOPEHHS NAaHMX 3 ONTMYHMUX OUCKIB HE BMMAara€ crewiaJbHOro
MPOrpPaMHOIo 3a0€3MeUeHHS;

5) 3amyc JaHUX Ha ONTUYHI TUCKU 3iCHIOEThCS Y hopMaTax, sKi 3a0e3-
MeYyITh CYMICHICTb 3alIMCAHUX JUCKIB Pi3HUX TUIIIB;

6) mpucTpoi BiATBOpPeHHs iHdoOpMallii 3 ONTUYHUX TUCKIB, CTBOpPEHi 3
METOIO 3a0e3IeUyeHHsI 3BOPOTHOI CYMiCHOCTI, sika OyJjia peali3oBaHOO IS
npuBoniB «Blu-Ray Disc», 1o 3untyiors Hocii y popmari CD ta DVD;

7) XapaKTepUCTUKU ONTUYHUX OUCKIB CTBOPIOIOTh MOXJIMBOCTI IJIST 3a-
Oe3reueHHsI BUCOKOI HaNliifHOCTI JOBroTepMiHOBOIO 30epiraHHS JaHUX Y
IIMPOKOMY [Iiana30Hi TeMIiepaTyp i BosorocTi. KommnakT-avcku 30epiraioTh
3anucany iHdopwmallilo, K MpaBWIO, JOBIIE, HixX iHIII UrdpoBi Hocii. ba-
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raTopiyHUI AOCBil BUKOPUCTAHHS KOMIIAKT-AUCKiB JOBiB, 1110 iXHE BUKO-
PUCTaHHS € ifealbHUM METOJIOM JIJISl apXiBallil JaHUX, TEKCTY Ta 300pakeHb
y undposiit popwmi. JlocaimKeHHs TOBrOTepMiHOBOTO 30epiraHHsI JaHUX Ha
KOMMAaKT-AUCKAX MOKa3aJiv, 110 HiKeJEeBi IITaMIIU, SIKi BAKOPUCTOBYIOThCS
JJISI KOIMilOBaHHSI KOMIIAKT-AMCKIB, MOXYTb 3a0€3[eYUTU JAOBroTpUBaie
30epiraHHs gaHux [9, 10].

He3sBaxaioun Ha HEBMCOKY IIBUAKICTb 3aIlMCy-BiITBOPEHHS, OINTUYHI
JUCKU JOCUTh iJ€aibHO MiAXOAATH JJISI apXiByBaHHSI BaXKJIMBMX NAaHUX i
BOHM 30epiraloTh CUJIbHI MO3UIIii B apXiBHili cripasi [11]. Sk npaBuio, Bu-
poOoHUKM onTUYHUX HOCiiB WORM 1porHo3yoTh I’ ATUPIYHUI CTPOK MpPH-
JIaTHOCTI 1151 YMCTUX IUcKiB i 20—30 pokiB xxutTs micid 3anucy. Li crpoku
OYiKyBaHOI TPUBAJIOCTI KUTTS 0a3ylOThCs Ha pe3yIbTaTaXx BUIIPOOYyBaHb HO-
CiiB pizHnx BUpoOHUKIB [12]. Bukopucranus ontunyHux auckisB WORM sB-
JIsie cO00I0 MEBHUI PU3MK, X04a iXHE BUKOPUCTAHHS MOIIMPEHO OCOOIMBO
cepel MaJIlMX apXiBHUX YcTaHOB. Po3po0OKa ONTUYHUX AMCKIB /I JOBrOTEP-
MiHOBOTO 30epiraHHs TaHMX Oyja MpeaMeTOM iIHTEHCUBHUX JOCIiIXEeHb B
OCTaHHi pOKHU.

AHAJII3 METOAIB IIABUINIEHHA TEPMIHIB 3BEPITAHHA
TH®OPMALIT HA OTITUYHUX HOCIAX
3 INTACTUKOBUMMH NIIKITAIKAMUA

IcHy104i ONTWMYHI AUCKM HE MOXYThb 3a0€3MeYUTH HEOOXigHWII piBEeHb
HamiAHOCTI i yac 30epeXeHHs TaHMX Yepe3 HU3bKY CTaOiIbHICTh ToJiKap-
6oHaTHOI migkiaaaky [13]. MeTaneBuii BigOMBaIbHUIA 1Iap KOMITAKT-IKCKa
XapaKTEepU3YETbCS CNA0KOI0 aAre3i€ro A0 MiAKIAAKU 3 MoJiKapOOHaTy, 110
MIPU3BOIUTH JO IIBUAKOIO PO3IIApYBaHHS HOCIS IiJ 4ac BUKOPHCTAHHS,
0CcOo0JIMBO, MpY panToBUX 3MiHax TemnepaTypu. ducku tunmy WORM Ta
RW HenpuaaTHi 17151 apXiBHOTO 30epiraHHs JaHUX Yepes3 Te, 10 B IXHBOMY
iH(popMalliifHOMY LIapi BUKOPUCTOBYIOThCS IS 3aIMCy JaHUX HeCTabiIbHI
opraHiuyHi 0apBHMKU (ILiaHiHU, ¢TajomiaHiHU i a300apBHMKHM) [11]. s
301IbLIEHHST JOBFOBIYHOCTI ONTUYHUX HOCIIB 3 MJIACTUKOBUMU MiIKJIaaKa-
MU OYJ10 3aIIpOIIOHOBAHO Ta po3p0o0JIeHO OaraTo TexHiYHUX pillleHb. Po3po-
OJIIIMCS TEXHOJIOTIT MiABUIIIEHHS CTPOKIB 30epiraHHs JaHUX Ha ONTUYHUX
HOCIsIX pi3HUX TUITiB. [0JJOBHUM HANpsIMKOM TiABUILEHHS HagilfHOCTI 30e-
piraHHs JaHUX Ha ONITUYHUX HOCISX 3 OMHOPA30BUM 3aIliMcoM OyJia po3pod-
Ka crelialbHUX PEeECTPYBAIIbHUX CepeAoBUIN. Xoua OpraHiuHi OGapBHUKHU
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YCIIIITHO BUKOPMCTOBYBAJIMCS IIJISI 3alIMCy JAHUX Ha ONTUYHUX OUCKAX, B
OCTaHHi POKM TaKOX IIMPOKO PO3TJISIAAIOTHCS IJIsl 3alIUCy HEOpraHiuHi Ma-
Tepianu [14]. JlazepHi HanmKMcKU Ha CKIISTHUMX HEOPraHIYHUX MaTepiajax Mo-
XKyTb BUTpuMyBaTu Temnepatypy no 1000 °C i B mpUHLUIII MATpUMYyBaTA
CTaOUIBHICTh MTAHUX i MOXJIMBICTb IXHBOTO BIATBOPEHHSI JO TUCSYi POKIiB
[15]. fIx omuH i3 MaTepianiB, SIKi Ha JaHWI Yac IIUPOKO BUKOPUCTOBYIOTh-
csl, € HEOPraHiYHUI MaTepias, SIKUii BKIItoyae B cebe okcun nanafgito (Pd)
[14]. ITix mieto coKycoBaHOro Ja3epHOr0 BUIIPOMIHIOBAHHS 3MiHIOETHCS
MPOITYCKaHHSI HEOPraHIYHOIO PEECTPYBAIBHOTO IIapy, SIKUM TaKOX BKIIIO-
yae B cebe okcupa Pd [14]. KpiM Toro, BUKOPUCTOBYEThCS JIJIsI 3aITUCY HEOP-
TraHiYHMI 1ap, SKWAi BKIIIOUa€E B cebe OKCUIU 3 iHAiI0 Ta oyioBa [14].

VYV npodeciitnux ontnunux auckax UDQO, 110 mpu3HaveHi 11t JTOBroTep-
MiHOBOTO 30epiraHHsl JaHWX, BUKOPMCTOBYIOTh TEXHOJIOTIO 3aIlucy Ha
HE3BOPOTHUX (ha30BUX Mepexogax y HEOpPTraHiYHUX MaTepiajiax, sKa MOXe
3a0e3IeuYnTr CTPOK 30epiraHHs maHux moHapn 50 pokis. g Toro 106 3a-
xuctut UDO-Hocii Big (pi3sMyHUX YIIKOMXKEHD 1 3a0pyaHeHb (MUy, Bia-
OWTKIB MajbliB i T.JA.), IUCK PO3MIllIEHO B MillHOMY cTaHgapTHomy ISO
5,25-m10iiMoBOMY KapTpuaxi [16]. Yke B mepiumx po3poOKax ONTUYHUX
nuckiB WORM Hamaranucst peajtizyBaTd TEXHOJOTIIO JTOBTOTEPMiHOBOTO
30epiraHHs gaHux [17]. YacTrHA TeXHIYHUX pillleHb, a caMe BUTOTOBJICHHS
MIKIaA0K 3 BUCOKOCTAOUIbHMX MaTepialiB, 3MiCHEHHSI 3aluCy IaHUX
Y OJHOIIIAPOBOMY PEECTPYBAILHOMY CEPEAOBUILI 3 BUCOKOCTA0IILHOIO Ma-
Tepiay, 3HAMIIM BUKOPUCTAHHS y MOJANBIINX PO3p0OOKax HOCIiB iH(pop-
Mallii JOBrOTEpMiHOBOTO 30epiraHHS HOaHMX. JIOBroBiUHICTH TIEepIIMX
onTUYHUX OUCKiB ckianana 20—30 pokiB 3aBOSIKM 3MiHaM XapaKTEPUCTUK
PEECTPYBAILHUX CEPENOBUII 3 XaJbKOIeHIIHOIO CKJIa i OpraHiuHuX OGapB-
HUKIB [18].

AJBTEpHATUBHUI CIIOCIO TOBroTepMiHOBOTO 30epiraHHs JaHUX Ha OIl-
TUYHUX HOCISIX Tlependayae BUKOPHUCTAHHS OJHOTO IIapy 3 BUCOKMM Koedi-
LIIEHTOM BiIOUTTS, Ha SIKOMY POOMThCS 3aIlMC, BiH TaKOX MOBUHEH MaTu
BUCOKY ajresito Ao Marepiany miaknanku [17]. HaitGinbuumii crpok 36epi-
TaHHSI TaHUX IIPOTHO3YETHCS Ha ONTUYHUX HO-CisIX 3 MeTaJoOKepaMiyHUM
peecTpyBaIbHUM cepenoBulleM (dipmoBa HazBa M-aucku). Bukopucran-
HS TEPMOYYTJIMBOTO IIAPY 3 BUCOKUM KOe(MilliEHTOM BiIOWTTS J0O3BOJINIIO
He BUKOPHUCTOBYBaTH y M-IMcCKax CBITJIOBiAOMBAIOUI IIapH, 11O CTAJO OJI-
Hi€I0 31 CKJIagOBUX 3HAYHOTO ITiABUILIEHHS rapaHTOBAHOTO CTPOKY 30epi-
raHHs gaHux [19]. OugikyBaHa IOBrOBiYHiICTP M-IOUCKIiB CKJIaga€e IIOHAI
TUCSIYY POKIB IMpu TemmepaTypi 30epiranHs 25 °C i BigHOCHIil BoJorocri
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otouytoyoro cepenoBuia 50 %, ogHak yxe npu temmepatypi 40 °C i Bin-
HocHii BosiocTi 70 % ouikyBaHa JOBroBiuHicTh ckiiagae 53 poku [19]. Ha-
uioHanbHUM iHCTUTYT cTaHaapTiB i TexHosorii (NIST) CIIA BuzHauuB
TepMiH 30epexeHHs it M-aucka B 1000 pokiB (bykBa M y Ha3Bi 03Havae
Millenium, TOOTO TUCSYOJIITTS), MOJiKapOOHAT BUTPUMYE CHIIbHI TIepernaan
TeMmIlepaTyp JUIIe MPOTIroM KOPOTKOTo MpoMixKy 4dacy [20]. TexHomoris
BUTOTOBJIEHHSI KOMITAKT-IUCKIiB, sIKa 0a3y€ThCsl HA BUKOPUCTAHHI IJIACTH-
KOBUX MiIKJIaIOK 3 pelbe(PHUMU HaAMIPaBISIOUUMU JOPixKKaMu, 3a0e3reuye
TEXHOJIOTIYHICTh BUTOTOBJIEHHSI HOCIIB i MOXJIMBICTb 3YUTYBAaHHS JaHUX HA
MOPIiBHSIHO TIPOCTUX MPUCTPOSsIX. Taka TeXHOJIOTisT 3a0e3IeUuye MOXKIUBICTD
MAacOBOT'O BUTOTOBJICHHS JEIIeBUX HOCIiB iH(OpMallil pi3HUX THUIIIB, IIPOTE
He MOXe OyTM BMKOpPHMCTaHa JJIsI BUTOTOBJIEHHSI HOCIiB JJOBrOTEPMiHOBOTO
30epiraHHsl JaHUX 4Yepe3 HeBUCOKY CTAOUIbHICTh MaTepialiB, 10 3aCTOCO-
BYIOTbCS TIPU BUTOTOBJICHHI KOMMAKT-IMCKIB ycix TUMiB. CripoOu BUKOPH-
CTaHHS KOMMAKT-AMCKIB Ui OpraHizallil JOBrOTepMIiHOBOIO 30epiraHHs
JIAaHUX TTOKa3aJd HEAOCTATHIO HAlIHICTb.

CTBOPEHHS ONITUYHUX HOCIIB
JTOBITOTEPMIHOBOTO 3BEPITAHHSI IHROPMALIIT
HA OCHOBI BUCOKOCTABIVILHUX MATEPIAJIIB

IIpoGnemMa mOBroTepMiHOBOTO 30epiraHHs JaHUX BUPILIYETHCS CTBOPEH-
HSIM CHeliaJbHUX HOCIiB iH(opMmallii 3 ONTUYHUM 3YMTYBAHHSIM, B SIKUX
BUKOPHUCTOBYETbCS TIPEICTABICHHS HOAHUX Y BUIJIANI MiKpopeabehHUX
CTPYKTYp Ha IIOBEPXHi BMCOKOCTAOLIbHUX MaTepialliB (IIPOIOHYETHCS BU-
KOpPUCTOBYBaTU CKJISHI [21], kBapuesi [22, 23], kpeMHieBi [24], HiKeneBi
[25] ab6o Bonbhpamosi [26] migkinaaku). Hocii moBrorepmMiHoBOro 36epiraH-
HS JaHMX Ha OCHOBi BMCOKOCTAOINbHMX MaTepiajiB MOBUHHI MaTH Ha-
CTYII-Hi BJJACTUBOCTI — BUCOKY CTiMKiCTh 10 BIUIMBY IiABUIIEHOI TeMIepa-
TypHd, BOISHOIO Iapy, €JICKTPOMAarHiTHOTO BUIIPOMIiHIOBaHHSI IIPOTSTOM
TpuBayioro nepiony 4acy [27]. TexHiuHi pillleHHs, 11O TIPOIIOHYIOTHCS IS
CTBOPEHHSI TEXHOJIOTIi JOBroTepMiHOBOIrO 30epiraHHs JaHUX Ha ONTUYHMUX
HOCIsIX, 3aCHOBaHi Ha BUKOPUCTaHHI BUCOKOCTAOINIbHMX MaTepiamiB s
MiIKIamo0K HOCIIB iH(opMalliil; Tak Teplili ONTUYHI AUCKU JOBrOTEPMiHOBOTO
30epiraHHs Maju y CBOiil OCHOBI MiAKIAAKY i3 CUJIiKaTHOrO cKkia [21, 27].

Ha Hocisx 3 migknagkaMy 3 BUCOKOCTAOIIbHUX MaTepianaiB BUKOPUCTO-
BYIOTb pexXuM poootu ROM. IctopuuHuii 1oCBiI BUKOPUCTAHHS JOKYMEH-
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TiB MOKa3aB, 1110 HOCII BUTOTOBJIEHI 3 TAKMX MaTepiajiB 30epiraiu 3anucaHy
iH(opMallito MpoTIroM cToiTh. Hocii 3 Takux MarepialliB CTBOpPEHi Ha Te-
MEepilIHiil Yac MaroTh iCTOTHO OiJIbILIY IIUIBHICTh 1 INBUAKICTH 3amucy. Taki
HOCI1 CYTTEBO BilIpi3HSIIOTHCS Bill CTAaHIAPTHUX KOMITAKT-AUCKIB YHACTIIOK
0COOJIMBOCTEM TEXHOJIOTIT IXHHOI'O BUTOTOBJICHHS, 1110 3aCHOBaHAa Ha 3aCTO-
CyBaHHIi IIKJIAA0K 3 HeCTa0iIbHOTO TTOJIiKapOOHAaTY, SK1i 3 YaCOM 3MiHIOE
$i3UKO-XiMiYHi BJIACTMBOCTi, 0COOJMBO B Ipolieci baraTopa3oBUX BiITBO-
pIoBaHb 3anMcaHoi iHdopmalii [1].

JJ1s1 MOBroTepMiHOBOTO 30epiraHHsI CTpaTeriyHO BaxKJIUBOI iHdopMalii
3aIIPOIIOHOBAHO BUTOTOBJIATU IIAKIAAKWA ONTUYHUX HOCIIB i3 CUHTETUY-
Horo carndipy [28, 29]. IIporoHyeTbCI BUKOPUCTOBYBAaTH ONTUYHI HOCIT 3
candipoBUMM MiAKJIaAKaMK IBOX THIIIB: candipoBi MiaAKIaaK BUKOPUCTO-
BYIOTb SIK 3aXMCHUI IIIap BUCOKOCTA0LILHOIO METaJIEBOIO PEECTPYBATIBLHOTO
cepenoBuila (TUIATUHOBOTO) [28], y Apyriit KOHCTPYKILil iH(hopMallis 3aImm-
CYETBCS Y BUIJTIANI MiKpopelbe(HUX 300pakeHb Ha MOBEepxHi camdipoBoi
migKiagky. 3ajeXHO Bil 0OpaHOI ONTUYHOI CUCTEMU BiITBOPEHHS MOXKe
BimOyBaTHCh SIK Uyepe3 MiIKIaaKy carndipoBoro HocisI, Tak i 300Ky 3amuca-
Hux 300paxkeHs [29, 30]. BinTBopeHHS maHUX Kpi3h Mpo30py caricipoBy
MiIKIaaKy 3abe3nedyye MOomaTKOBMI 3aXWUCT 3alMcaHol iHdopMallil Bin 3a-
OpyIHEHb, ajle BUMara€e po3poOKM CIeliaJbHOI ONTHMYHOI CUCTEMM KOM-
MeHcarlii abepalliif, sIKi BUHMKAIOTh IPU IPOXOMKEHHiI C(HOKYCOBAHOIO
ONTUYHOTO BUIIPOMIiHIOBAaHHSI Kpi3b aHI30TPOITHY MiAKIaAKy 3i 3HAYHUM
JIBOIIPOMEHE3IOMIICHHSIM [29].

BukopucrtaHHs crieniaIbHUX ONITUYHUX HOCIIB JO3BOJIUTH 3HAYHO 30i/Ib-
IIMTH 9ac MiX MpOBeAeHHSIM Mirpailii iHdbopMailii it 3a0e3edeHHs ra-
PaHTOBAHOI'O JOBrOTEPMiHOBOTO 30epiraHHs gaHux. HoBi po3pobku B 00-
JIACTI ONTWYHMX JMCKIiB JJIs1 JOBFOTEPMIHOBOIO 30€piraHHsl JaHUX
BiIKpUBAaIOTh HOBI MOXJIMBOCTI [/ OijIblll MOBHOIO 3aI0BOJICHHSI MiHJIM-
BUX ITOTPeO apxiByBaHHSI JaHUX 3 TOYKU 30py EMHOCTI Ta IIBUIKOCTI TIepe-
nadi gaHux [21-29].

AHAJII3 TEXHOJIOTTH T'PA®IYHOTO MPEACTABJIEHHS JAHUX
HA HOCIAX JOBIOTEPMIHOBOI'O 3BEPITAHHA

OnHi€o 3 KJIIIOYOBUX MPOOJIEM IPpU CTBOPEHHI HOCIiB TOBrOTEpMiHOBOTO
30epiraHHs JaHUX € BUOip (hOpMHU NpeACTaBIIEHHST HaHMUX, sIKa OU JT03BO-
JIsia 1X iHTepIIpeTyBaTU Ta BUKOPUCTOBYBATU JIsI OTpUMAaHHSI HEOoOXimHO1
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iH(opMaiii. Takuit BUGip HamMaraloThbcs 3MiMICHUTH He TUTbKU 3 TEXHOJIOT iU~
HOI TOYKHU 30Dy, aje i 3 BAKOPUCTAHHSIM iICTOPUYHOIO JOCBiIy 3aCTOCYBaHHS
KOmyBaHHS iH(popMallii 1j1s nepefadi Ta 30epekeHHsT 3HaHb. ABTOpaMU poO-
60TH [7] mpomoHyeThCs 3anuc iHpopMallii Ha HOCii JOBrOTEpMiHOBOTO 30e-
piraHHs MPOBOAUTH IIUISIXOM PO3MIlLIEHHST HAa HOCIi 3MEeHIIIeHUX rpadiyHux
ab0 TeCTOBUX 300paXeHb, SIKi MOXYTh 3UMTYBAaTUCh ONTUYHUMU CHCTEMa-
mu. [lepeBaroio Takoro crnoco0y rnmomaHHs iHpopMallii € Te, 110 HACTYITHE
BiITBOpPEHHS iH(OpMallii He BUMara€ BUKOPUCTAHHS CIICIiaIbHUX ITPU-
CTPOIB 3YMUTYBaHHS Ta BiAIIOBITHOIO IMporpamMHoOro 3abesrneuyeHHs. Heoo-
XigHa po3diJibHA 30AaTHICTb ONTUYHOI CUCTEMU I 3YUTYBAaHHSI BM3Haya-
€ThCA BUKOPUCTAHUM 3MEHILIEHHSIM 300pakeHb Iij Jyac 3anmucy iHpopma-
wii. Take mpencraBieHHs JaHUX BUKOPUCTaHE Ha carlhipOBUX i METaJIeBUX
nuckax [26, 30, 31].

Ha GinbiocTi po3po0JieHUX HOCIiB TOBrOTEpMiHOBOTO 30epiraHHs JaHUX
3 MiZKJIagKaMUd 3 BUCOKOCTAOUTBbHMX MaTepiajliB I 3amucy iHgopMaiii
BUKOPUCTOBYIOThCSI METOIM Bi3yaJJbHOTO KOMYBaHHS 3 BUKOPMCTAaHHSIM
QR-KkogiB, SIKi 103BOJISIOTH BiITBOpIOBaTH 3aIucaHy iH(opMallilo 0e3 Bu-
KOPHUCTaHHS CIeLiaJIbHUX MPUCTPOIB 3YMTYBaHHS, OJHAK HE 3a0€3MeUyIOTh
BUCOKOI IBUAKOCTI BiITBOPEHHSI B aBTOMaTUYHOMY pexumi [5—8]. Ipen-
CTaBJICHHS JaHUX Ha HOCisSIX JOBrorepMiHoBoro 30epiraHHg B QR-komax iy
BUIJISIAI MiKpo300paXXeHb 3HiMCHIOEThCS IapajielibHO 3 BUKOPUCTAHHSIM
1 POBOTro KOAYBAaHHS, IIPU IKOMY MOXKe OyTH peasli3oBaHa iCTOTHO Oilb-
11a ITUTBHICTD 3amucy iHdopMariii [29, 32].

3anuc iHpopmaliii Ha HOCIi, 1110 BUTOTOBJIEH]I 3 BUCOKOCTAOIIbHUX MaTe-
piaJjiiB, IPOMOHYETHCS 3AiMICHIOBATH Y IIMPOKOBXKUBAHUX (DOpMaTax, siKi BU-
KOPHMCTOBYIOThCS Ha KoMnakT-nuckax [33]. Takuii Bubip cucteMu KomyBaH-
Hs1 0a3yeThCsl HA TOMY, III0 BUTOTOBJICHI Ta BUKOPUCTOBYIOTHCS MiTbIpIU
HOCIiB 3 TAKMM METOAOM MPEACTABJICHHS JaHMX i, B pa3i HEOOXiAHOCTI, iH-
¢opmaliiss Moxke OyTH BiITBOpeHa iHIIMMU METOHAMM, HAIIPUMKJIAd, METO-
JIOM TYHEJIbHOI CKaHYI04Y01 MiKpOCKOITii.

ba3zoBuii MeTox BinTBOpEHHS JaHUX 3 TAKUX HOCIiB Iiepeadayae BUKOPU-
CTaHHS CTaHAAPTHUX MPUCTPOIB BiITBOPEHHS JAaHUX 3 KOMIIAKT-IMUCKIB, Y
TOMY YMCJIi 3 ONITUYHUX AVCKIB JOBrOTEPMiHOBOIO 30epiraHHs JaHUX, Ta-
kux 1K M-auck DVD a6o Blu-ray. OqHak BUCIOBIIOIOTHCS MTOOOIOBAHHS,
1110 HaBITh TaKi KOAM Y BimgajeHOMy MaiiOyTHEOMY BaxkKKo Oyze po3immdpyBa-
™ [34].
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BUCHOBKH

1. 3amaya 3abe3reuyeHHsT JOBrOTEPMiHOBOro 30epiraHHS HaKOMMYeHOL
iH(opMallii Ha BCix eTamax po3BUTKY JIOJCHKOI LIMBiTi3allii € OMHIEIO 3 Hali-
BaXXJIMBIIINX, BUPILIEHHS SIKO1 3a0€3I1eUyBajio pO3BUTOK CYCITIIbCTBA. JIist
30epeXeHHsI 3HaHb, HAKOIMMYEHUX JIIOJCTBOM, Ha BCiX eTarax po3BUTKY CY-
CHIiJICTBA BUKOPMCTOBYBAIMCS HaAMOLIBII MepeaoBi TexHosorii. Ha manwui
yac oocar iHdopmallii, sika mimisgrae TpUBaJIoMy 30epiraHHIO IIOPITHO 3pPO-
CTa€ MPaKTUYHO €KCIIOHEHLiaJIbHO, 1110 POOUTH 3a1auy JOBrOTEPMiHOBOTO
30epiraHHs JOKYMEHTIB 1I¢ OiJIbII CKJIAJHOIO i aKTyallbHO0. 30iIbIIEHHIO
00cCsry JOKYMEHTIB, SIKi NiAJIAraoTh TPMBAJIOMY 30€piraHHIO CIIPUSIE T€, 11O
BCe OiJbIlia KiJIbKiCTh TUITIB JOKYMEHTIB BU3HAETHCSI TAKUMU, IO ITiajIsra-
I0Th TpUBaAJOMy 30epiraHHio. /oBrorpuBagoMy 30epiraHHIO 00OB’SI3KOBO
Minjsira€ HayKoOBO-TEXHIYHA, MEIMKO-0i0OriyHa Ta TeHeTUYHa iH(opma-
11ii, 00’€KTH HalliOHAJIBHOI KYJBTYPHOI CHAAIIMHHU, CTPaTeTiYHO BakJIMBa
iH(opMallis.

2. BukopucTraHHs y cucTeMax JOBrOTepMiHOBOIO 30epiraHHs iHbopMallii
1M (POBUX HOCIIB 3i cTpoKaMu 30epiranHs gaHux 5—10 pokiB BUMarae mpo-
BeIeHHS MOCTIHOIO Mepe3anucy JaHUX Ha HOBi HOCIi, 1110 CYTTEBO 30iJib-
1IIy€ BapTiCTh 30epiraHHs NaHUX i 3MEHIITY€E HaailHICTh IXHbOTO 30epiraHHsI.

3. TexHoJorisi BUTOTOBJICHHSI KOMIIAKT-IMCKiB 3aCHOBaHa Ha BUKOPUC-
TaHHI TJIACTUKOBUX IMTIKIAI0K 3 peJbe(HUMM HAIPaBISIOUMMU JOPiXKKa-
MU, IO 3a0e3IeUy€e TeXHOJIOTiUHICTh BUTOTOBJICHHS HOCIIB i MOXIUBICTD
34MTYBaHHS NaHUX Ha ITOPiBHSIHO IPOCTHX IPUCTPOSIX. Taka TEeXHOJIOTis
3abe3Ieuye MOXJIUBICTh MACOBOTO BUTOTOBJICHHS JEIIEBUX HOCIIB iH(pOp-
Mallii pi3HMX TUIIiB, IIPOTE He MOXe OYTH BUKOpHCTaHA JJIsI BUTOTOBJIEHHS
HOCIIB JOBrOTepPMiHOBOI'O 30epiraHHs JaHUX Yyepe3 HEBUCOKY CTaOiLIbHICTh
MarepiajiB, 110 3aCTOCOBYIOThCSI MPU BUTOTOBJICHHI KOMMAKT-AUCKIB YCiX
tumiB. CipoOu BUKOPUCTAHHS KOMIAKT-AMCKIB IJIST OpraHi3allii JOBroTep-
MiHOBOTO 30€piraHHsI JaHUX MOKa3aJIu HEAOCTAaTHIO HAMiHICTb i JOBrOTpU-
BaJIicTb 30epiraHHs JaHUX.

4. IlepeBara HOCiiB 3 ONITUYHUM 3YUTYBAHHSIM BUTOTOBJICHMX 3 BUCOKO-
CTabiLIbHMX MaTepiamiB i M-IMCKiB IOJIsITa€ B TOMY, 1110 BOHM HE BUMara-
IOTh OHOBJICHHS 3aIucaHoi iH@opMallii ado Mmirpaiii JaHUX, IO 3HAYHO
3MEHIITYE BapTicTh 30epiraHHs maHux. JloBrorpusaie 30epiraHHs iHpopma-
il Moxke OyTH 3abe3redeHe Ha CrieliaIbHUX ONITUYHMX HOCISIX iH(opMmallii,
BUTOTOBJICHUX 3 BUCOKOCTAOIILHUX MaTepialliB, 3alliC JaHUX Ha SIKi 3p00-
JIeHO y (hopMaTax CTaHIApTHUX KOMIIAKT-IMCKIiB.
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ANALYSIS OF METHODS FOR CREATING MEDIA
FOR LONG-TERM DATA STORAGE
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Long-term storage of electronic documents is essential for successful development in
various fields of economy, science, and culture. While producing enormous amounts
of data, modern society faces challenges related to creating systems for long-term
data storage, as well as methods for securing these storages against unauthorised
access. As the body of knowledge available to humanity continues to expand, and so
do data recording technologies, the importance of developing long-term storage
methods increases. We need to ensure long-term storage of genetic and medical and
biological information, storing data from routine environmental monitoring,
including data from hydro-meteorological monitoring for long periods, seismic
tomography data, government records, scientific heritage data, namely published
results of scientific research and experiments, bibliographic and factual databases,
information about scientists, their scientific activities, publications, projects, etc.,
information related to complex engineered facilities, and information on cultural
heritage of humanity. Several types of data require continuous storage for decades,
like archival storage, and even for hundreds or thousands of years, when dealing with
genetic data or data that can impact the survival of future generations [3]. Special
media for data storage are an important element of systems for long-term storage of
electronic documents. Therefore, development of such media represents a scientific
and technological problem of high importance. Its urgency is due to the fact that no
existing technical means can ensure long-term data storage.

Keywords: long-term data storage, data coding, sapphire disc, data migration,
micro-etched structures, ANNS.
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1. INTRODUCTION

When creating media for long-term data storage, two central questions
emerge. The first of these concerns the material of storage media likely to last
long enough to convey a message to generations thousands of years into the
future. Special microfilms and optical media of different types with substrate
made of special materials are developed for long-term storage of
information. It should be noted that large-scale research is being carried out
to create special optical media for long-term data storage based on the use of
highly stable materials and recording methods, which support different
methods of reading [1-3]. Faced with the lack of suitable options for storage
device production, researchers around the world have re-embraced the use of
chemically stable high-strength synthetic materials as adequately durable
long-term storage media. The second crucial problem when creating long-
term data storage media concerns the choice of the form for the presentation
and coding of data to be recorded.

The purposes of this work are the following:

* Analysis of state-of-the-art methods of the technologies for creating
media for long-term data storage.

* Substantiation of methods of representation and coding of information
on long-term data storage media.

« Examination of the effectiveness of the proposed methods.

* In the next section, the state-of-the-art methods for creation of long-
term storage media are analyzed in detail.

2. RELATED WORK

Current long-term data storage technologies are based on the data
migration method, which implies routine data transfer to new storage devices
[2]. Data migration needs to include not only migration of electronic
documents themselves, but also of document metadata. The long-term
storage format description should be augmented with a set of tags needed to
store document metadata (e.g. Qualified Dublin Core) [4]. The process of
data migration is considerably complicated and expensive, and can entail
partial data loss or modification. Therefore storage devices with maximum
possible migration intervals are preferable when creating archival storage
systems [2]. Two technologies are currently proposed for the creation of
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long-term data storage media: data storage on microfilm and on optical
devices made of highly stable materials.

Piql service offers a high-resolution photosensitive film as a digital storage
medium. Data is written to film as large QR-codes, each containing 8.8
million pixels. This allows any kind of data to be preserved off-line, on a
storage medium with a documented lifetime of 500 years. Pigl has developed
all software and hardware needed to write and read back data on a special
silver halide film. To ensure long-term preservation, these films should be
stored at low temperatures in special repositories. Such repositories have
been created in many countries, including the USA, Germany, and Norway.

The decoding software is open source and the data can be retrieved by
using any digital camera and computer available in the future. Pigl’s
preservation technology is not recommended for data that needs to be
instantly accessible. It is rather a secure, migration-free and future-proof
option for valuable data that needs to be preserved long-term [10-12, 15-20].
In March 2017, the Arctic World Archive was officially opened. The Arctic
climate with permafrost is perfect for long-term storage of Pigl’s film [13].
On 8 July 2020, 21TB of data recorded on 186 reels of piglFilm were stored
in a vault hundreds of meters deep [14].

Conventional compact discs cannot ensure long-term data preservation,
and therefore, to leverage the potential of optical recording methods, special
data media are created using highly stable materials. In particular, it was
proposed to use discs of sapphire, on which to micro-etch information [2, 3],
WORM-type optical M-DISCs using single layer highly reflective film for
recording [5], and archival discs with special plastic substrate and
photosensitive layers based on palladium oxides [2]. They differ in the chosen
substrate material, recording type, and characteristics of reflective layers. In
particular, different types of metal storage devices are offered for long-term
storage, made of wolfram [6], nickel, and gold. The Long Now’s Rosetta
disc, for example, is made of nickel. Nickel stampers used to replicate
compact discs are utilised for long-term data storage [7].

Quartz and sapphire, high-temperature optical materials, are extensively
considered as media for creating long-term storage devices. Arnano, a
French technology start-up, has developed a disc of leucosapphire, on which
to micro-etch information about the storage of nuclear waste. A long-term
storage device technology using quartz glass has been announced [8].

The second crucial problem when creating long-term data storage media
concerns the choice of the form for the presentation and coding of data to be
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recorded. It is even more challenging than choosing materials for storage
media. To estimate the service life of storage devices, accelerated tests can be
used. However, these methods are not applicable when justifying the choice
of presentation and coding methods for data subject to long-term storage. It
is proposed to record information on long-term storage media by means of
placing diminished graphic or textual images onto the medium, which can be
read by optical systems using appropriate magnification. The advantage of
this way of presentation is that subsequent retrieval of information doesn’t
require special reading devices or software. The optical resolution required to
read the data is defined by the diminution used for recording. Such data
presentation is used on several types of sapphire and metal discs [2].
Presenting data as microimages complicates their processing and lowers the
processing speed. To ensure high durability of long-term storage of
information, it is proposed to use non-binary codes working with digital data
on a symbol level, e.g. with bytes of information. Non-binary codes are used
in channels with grouped errors as components of cascade codes to ensure
error control on various types of optical media (CD, DVD, Blu-ray, etc.) [9].
This coding method was chosen due to the fact that it had been widely and
successfully used to produce billions of copies of compact discs of various

types.

3. DEVELOPMENT OF OPTICAL RECORDING METHODS

Improvements in optical discs development area allowed to increase
volume of the storage. However, mentioned technologies are approaching
fundamental limits. In particular surface-storage optical recording
technology is characterized with diffraction limit while two-dimensional
data storage systems resolution depends on the laser beam spot size that is
focused onto an optical disc surface. In order to increase media density one
should decrease the spot size. Therefore volumetric optical recording has
been developed to overcome the limit of density. Nowadays, there are two
different methodologies for approaching three-dimensional optical data
storage: one is hologram data storage and the other is three dimensional bit-
wise structures which could be presented as upgrade of optical disc systems.
Three dimensional bit-wise optical data storage offers the potential for high
recording capacity because bit information can be stored at different layers
within a certain volume of the recording media. The information is coded in
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the form of micro-spots located inside of the substrate material. Thereby
three-dimensional optical data storage using a nonlinear optical process are
demonstrated to be most productive. Two-photon excitation is easily
achieved by using strong femtosecond laser pulses and provides a means of
activating chemical or physical processes with high spatial resolution in two
or three dimensions. Thus, it can reduce the size of bits more effectively than
one-photon excitation by changing refractive index of the substrate material
regions.

Optical beam lithography (OBL) technique possesses the advantage to
fabricate three-dimensional structures with relatively high spatial resolution.
It should be noticed that resolution of conventional single-beam OBL is
limited by the light wavelength of the recording system laser. The goal is
development of three-dimensional diffraction-unlimited OBL technique
with a two-beam strategy that overcomes this limit. In two-dimensional
optical data storage system, where information is recorded only in one layer
inside the medium, most of the volume of the optical disc is used only as a
substrate. Obvious solution is including third axial dimension. However, the
recording beam focused deep in the volume of the optical medium inevitably
causes scattering losses. It should be mentioned that for shorter wavelength
of optical recording system which is typical for modern high-resolution
drives the losses became even bigger and thereby information signal cannot
be delivered efficiently for multilayer recording. In addition, it is became a
technologically complicated task to manufacture three-layer Blu-Ray format
discs. This challenge has spurred the revolutionary idea of two-photon
excitation by a femtosecond pulsed laser beam.

Three-dimensional optical data storage using a nonlinear optical process
began to draw much attention after the formation of nanosized bits. Two-
photon excitation is easily achieved by using strong femtosecond laser pulses
and provides a means of activating chemical or physical processes with high
spatial resolution in two or three dimensions. Thus, it can reduce the size of
bits more effectively than one-photon excitation by changing refractive index
of the substrate material. Due to its highly confined properties and high
efficiency of penetration into the volume of a recording medium using laser
beams, the information can be recorded in multiple layers of the recoding
medium. The two-photon excitation technique could be applied to a variety
of materials for high-density memory media, including photopolymerizable
materials, photochromic materials, photorefractive materials, photo-
bleaching materials, void-fabricatable materials and nanoparticles dispersed
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materials. The idea behind multi-dimensional optical data storage is to
multiplex multiple states of information in the same three-dimensional
spatial region of a recording medium. The information can be encoded into
additional physical dimensions of the writing beam, such as spectra or
polarization, and then individually addressed. The techniques of polarization
and spectral encoding are the core of third-generation optical data storage.

The use of photoluminescent read data allows creating media containing
big quantity of information layers. The main problem of creating a multi-
layer optical media with photoluminescent reading is to provide high-speed
data reproduction. To reduce crosstalk between adjacent layers it was
proposed to modify code which represents data. In the photoluminescent
storage the data is presented as local variations of the photoluminescent
substance properties. The substance is illuminated with a radiation at
excitation wavelength (readout process), and the photoluminescent signal is
registered at a different wavelength. A simple spectral filter can separate the
fluorescent signal at a receiver from the noise of the excitation radiation. The
photoluminescent medium can provide a very high contrast ratio. Photo-
luminescent storage of data has a number of advantages which allows to solve
typical problems of reflective, refractive and polarized optical storage systems
and be efficiently used at development of the reliable, simple and cheap
three-dimensional optical storage medium and optical drive, which in
principle will be much simpler than the existing optical disc systems.

The photoluminescent multilayer disc structure includes substrate and
sandwich-structure of information and intermediate layers. Thickness of the
information layers depends on the on the information elements depth, while
thickness of the intermediate layers depends on the recording system
objective lens aperture and must be chosen big enough to divide photo-
luminescent signal from different layers. While all the structure of the disc is
transparent and homogeneous the parasitic signal will be caused mostly by
photoluminescence and absorption of pits areas where laser light is unfo-
cused. For big quantity of layers the level noise will got significant value, so it
was suggested to distinguish readout signal as a variable one. It’s became
possible because if thickness of intermediate layer is quite bigger then
parasitic signal from closest layer will vary only in the fixed and determined
range. Also it is proposed to record information only by the lands (distances
between the pits) length, while pits should be as small as it possible to avoid
undesirable absorption and thus changing of the noise level. Furthermore in
information layer of photoluminescent multilayer disc structure there are
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inner and outside peripheral areas which uphold a stable level of parasitic
signal during readout from the edges of the disc. It was calculated that for 20
layers disc with information layer structure similar to HD-DVD disc format
media (total information capacity stands 300 GB) it’s possible to get signal-
noise-ratio value of 8:1 or higher.

Thereby development of surface-storage volume improving technologies
should include possibility of implementation of volumetric optical recording
methods.

4. METHOD CONSTRUCTION

To produce long-term data storage devices, we propose optical devices
with sapphire substrate and micro-etched data presentation. For long-term
data preservation, we propose to use read-only storage devices (ROM
devices). This device type provides for the highest durability and prevents the
recorded data from being tampered. However, direct laser burning cannot be
used in producing such storage devices due to the high melting point of
sapphire substrate and its high chemical durability.

Special production equipment is required to record on sapphire substrate
long-term storage optical discs, which is used to produce stampers for
compact discs replication. Information is recorded onto a storage device
using master-disc laser-burning station on a multilayer photoresist. Through
a mask in the photoresist layer, the substrate is plasma etched to obtain
micro-etched images of strictly controlled depth, which is A/4n (for sapphire
substrates, which require 440 nm wavelength for data reading, the pinhole
depth is 64 nm). Multilayer photoresists are necessary in order to prevent the
sapphire substrate surface from charging when plasma etching the substrate.
One of the photoresist layers must be electrically conductive, which would
drain electrical charge during plasma etching.

Fig. 1 shows the surface of a sapphire data storage device and the cross-
section of pinholes used to code the recorded information. The pinholes are
obtained as a result of a multi-stage process, which includes laser burning on
a multilayer photoresist, sequential selective chemical etching of multilayer
photoresist layers, and substrate plasma etching through windows in the
photoresist.
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Fig. 1. Sapphire disc microrelief structure

To ensure high level readout signals, the surface of the sapphire substrate
with a developed micro-etched structure is covered with a high-temperature
metal reflective layer. We propose to use films of rhodium, chromium, or
transition metal nitrides as reflective layers.

Micro-etched data presentation on the surface of a long-term storage
device was chosen, because it enables data readout using different physical
methods, and not only focused laser beam in special compact disc drives.
The most accessible reading method appears to be reading using a
conventional optical microscope with respective magnification, which
requires no special equipment. When record density is increased, recognition
of submicronic structures representing the recorded information can become
challenging. Therefore, of special interest are reading methods using
computer-aided neural network teaching to recognize spectra of reflected
signals under multi-wavelength irradiation with femtosecond pulses.

These methods can be applied to recognize submicronic structures.
Neural networks should be used for the recognition of visual images in order
to overcome limitations caused by the high level of noise when retrieving
information from ultra-dense optical records [11-13]. Such reading system
can be used to retrieve information recorded as micro- and nanostructures
on the surface of sapphire substrate optical storage devices. However, the
primary method for retrieving the recorded information remains data
reading with a focused laser beam, which scans the surface of a storage
device.
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5. CONCLUSIONS

1. In this paper, we propose the new complex method for producing long-
term data storage devices based on the use of optical media with sapphire
substrate and optical readout, presenting the data as micro-etched structures.

2. Data can be retrieved from optical storage devices containing records
as submicronic etched structures with a scanning laser beam using
conventional compact disc drives or dedicated devices.

3. As the data coding method, we propose to use non-binary codes
working with digital data with grouped errors as components of cascade
codes to ensure error control, which are used to produce compact discs.
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HOCIN 111 AOBTOTEPMIHOBOI'O 3BEPITAHHS
THOOPMALII

Tlamenm Yxpainu Ne 73611. Ony6a. 15.08.2005. bioa. Ne 8.

BuHaxin HaJleXXuTh 10 00YMCIIIOBAIbHOI TEXHIKM Ta TEXHOJIOTii BUTOTOB-
JIeHHST MG PpOBUX HOCIIB iH(popMalii.

st moBroTepMiHOBOTO 30epiraHHs iH(opMallil BAKOPUCTOBYIOTHCS HO-
cii, 3amuc iHgopMallii Ha SKi 3MiCHIOEThCS Y HU(PPOBOMY BUTJISAII, 110 A€
MOXJIMBICTb TIePiOJNYHO 3AiliCHIOBATH Tiepe3anuc iHdopMmallii 6e3 BTpaTu
SIKOCTI 3aImmucaHoi iHopmalrii.

Bimommuii Hociit nist moBrorepMiHoBoro 30epiraHHst iHgopMallii, 1o
CKJIAJAETHCS 3 METAJIEBOI MiIKIAIKK 3 PeNabe(HOI0 MiKPOCTPYKTYPOIO, sIKa
Komye 3amucaHy iHdopmaririto [1].

HenonikoMm 11p0ro Hocis-aHajora € Majia HamiliHicTh 30epiraHHs iH(op-
Mauil BHAcCHiJOK IMOCTYIOBOrO 3a0pyIHEHHs HOCIiS NMHJIOM, NPOAYKTaMU
OKHMCHEHHSI MeTajly XXMPOBUMM TUTiBKAMU TOIIO. 3a TAKOTO BapiaHTy HOCIis
iH(opMallii BTpayaeTbCsl OJHA 3 TOJIOBHUX IlepeBar ONTUYHUX HOCIIB iH-
dopmMmallii om0 3abe3neyeHHsT BUCOKOI 3aXUIIEHOCTI 3amucaHoi iHpopma-
i1 Bil MEXaHIYHUX MOIIKOMXEHb 32 PAXYHOK MOXJIMBOCTI BiITBOPEHHSI 3a-
nucaHoi iHgopmallii cchoKyCOBaHUM JIa3epHUM IIPOMEHEM Yepe3 MPo30py
M IKJIAAKY.

Haii6inpi 61M3bKUM 3a TEXHIYHOIO CYTTIO € HOCIl J1s1 30epiraHHs iH-
dopmalii y undpoBoMy BUTIISIAI — KOMIIAKT-IKMCK, 110 CKIAZAETHCS 3 IIPO-
30pO1 MJIACTUKOBOI IMIKIAAKN, Ha SKii BimmTaMmnoBaHa peabeHa MiKpo-
CTPYKTYpa, sika KOAYyeE 3alucaHy iHdopmallio, BitOMBaIOYOr0 METajJeBOro
1Iapy i 3aXMCHOTO HEeIPO30poro JJaKoBOTo 1apy [2].

HeponikoM LIbOro HOCISI-MPOTOTUITY € Te€, IO CTPOK 30epiraHHsST KOM-
MakT aucka obMmexxeHuil 2-50 pokaMu BHACIIZOK HEBMCOKOI MeXaHiYHOL

HS ONITUYHOTO KOHTAKTY MiX MiIK/IaIKOIO Ta BitOMBAaIOYNM IIaPOM.
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Hocii 3 mracTuKoBUMU MigKIaaKaMU He BUTPUMYIOTh MiABUIIEHHS TeM-
nepatypu 6inbire 100 °C, mapiB BoaM Ta OpraHiyHUX pO3YMHHUKIB. B ocHO-
By BUHAaxoAy MOKJAJeHO 3aJady IIiABUILEHHS HaOiiiHOCTI 30epiraHHs
iH(opMallii Ta 3pyYHOCTi eKCIuTyaTallii IIUIIXOM TOTO, iI0 B HOCIi JJisT JOB-
roTepMiHOBOTO 30epiraHHs iH¢opMallii, 110 CKJIATaEThC 3 MPO30POi il
KJIaIKH, Ha SKili HAaHECEHO pesIbe(HY MiKPOCTPYKTYPY, sIKa KOIY€E 3aInca-
Hy iH(opMallilo, BiZOMBAIOYOro IIapy Ta 3axXMCHOTO Iapy, IiIKIagKy
BUKOHAHO 3 MOHOKPHMCTAJIIYHOTO MaTepially, HallpuKJaj, Jieiikocandipy 3
opieHnrartieto 0001 (c) 3aBToBiiku 0,5—1,4 MM, Ha SIKilf CEJIEKTUBHUM TpPaB-
JIEHHSIM CTBOPEHO pelabe(HY MIKpOCTpYKTYpy. Bucoka HagiliHicTh 30epi-
raHHg iHdopMallii Ha 3aITPOIIOHOBAHOMY HOCIT TOCSTa€ETHCS 32 paXyHOK BH-
COKOI TepMoIMHaMiuHOI cTabinbHOCTI migknaaaku (7 > 2000 °C, Bucokoi
MeXaHiYHOI MIITHOCTi i TBepaocTi. Taki xapakTepMCTUKA MOHOKPHUCTAIIB
Al,O; 1a0Th 3MOry 3a00irTM YTBOPEHHIO MEXaHIYHMX MOLIKOIXKEHb HOCIs
iH(opMallii, TapaHTYIOTh 30epexXeHHs iH(popMallii 32 YMOB 3HAYHOTO ITiJI-
BUIILIEHHS TeMIlepaTypu (I1if 4ac moxexi). MoXJIUBIiCTh BUTOTOBJICHHS Ta-
KMX HOCIiB iH(popMmallii cTaja peajlbHOIO 3a YMOBU CTBOPEHHS TEXHOJIOTii
BUPOILLYBAHHS BEJUKUX ONTUYHO OJHOPITHUX KPUCTANIB Jieiikocandipy 3
opiexrariero 0001 (¢) Ta 06podku ToHKuX (0,5—1,4) MM MOHOKpHUCTAJTIY-
HUX migkiamok giamerpom 100—130 mm.

HanecenHs iHdopmaliii Ha MOHOKPHUCTAIIYHY MiIKJIaAKy Y BUTJISAI 3a-
IIMOIEeHb, PO3TAILIOBAHUX 10 CITipajli, BAKOHYEThCS y TaKiil MOCTiZOBHOCTI;

— Ha MOHOKPHCTaJIIYHY IMiIKIaIKy HAHOCSTH IIap MO3UTUBHOIO (POTO-
pe3ucTty 3aBToBIIKK 150-1200HM;

— Ha CTaHIii Ja3epHOro 3aMuncy 3AiACHIOITh 3auc iHdopmMaliii Ha mapi
dorope3ucry:

— TIpOBaIsITh CEJEKTHMBHE TpaBJICHHS (hOTOPE3UCTY Ta MOTO TepMiuHY
00pOOKY;

— yepe3 BikHa Y (OTOPE3UCTI BUKOHYIOTh TPaBJICHHS ITiIKIagKA TPU-
CKOPEHUMM I0OHAMU aproHy, Mpy LbOMY 3MiACHIOETHCS i BUIYYEHHS LIapy
¢doTope3ucry.

ToBmuHa 1mapy GOTOPE3UCTy IMiAOMPAETHCS TAaKUM YMHOM, III0 HA MO-
MEHT 3aBepIIECHHS IIPOIIeCy TPaBJICHHS MiAKJIAIKK Ha 3aaHy TJIMOUHY (ho-
TOPE3UCT MOBHICTIO BUIyYaeThbes 3 Migknanku. HeobdxinHa rmmnbuHa 3arau-
0JIeHb CTAHOBUTD IIJIs MiAKIamokK 3 neiikocangipy 80—110 HM, mpu LbOMy
3a0e3IeuyeThCs MaKCUMaJIbHA aMILIITyla CUTHATIB BiITBOpeHHS iH(popMma-
uii (rmubuHa 3arubaeHb MoBUHHA OyTH 1/4, e A — MOBXWHA XBUJIi 3UUTY-
J0YOTO BUITPOMiHIOBAHHSI).
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MoXnIuBUM BapiaHTOM HaHeCceHHs iHpopmallii Ha MOHOKPHCTATIUHY
TOKJIAOKY € XiMiYHE TpaBJeHHsS KPi3b MeTalleBy MacKy IJIaBIKOBOIO KMCJIO-
TOIO 3a YMOBM HigBuiieHoi Temrieparypu (200—300 °C). MertaneBa mMacka
Ha NOBEPXHI MOHOKPUCTAIIYHOI MiIKJIaAKU CTBOPIOETHCA 3 BUKOPUCTAH-
HSIM BMILIE€ OIMCAHOI MOCiZOBHOCTI TEXHOJOTIUHMX onepalliil, 10 SIKUX 10-
JJaHO TiJIbKU ONHY — HaHEeCeHHs Inapy metaiy (cpibiia, HiKeaio TOIIo) Ha
MOBEPXHIO MiAKIAIKN.

s oTpuMaHHSI HEOOXimHUX 3HAYyeHb CUTHAJIB BiATBOPEHHS BUKOHY-
€ThCS MeTaJjli3allisl Tiel MOBepPXHi MiAKIaAKK, Ha SKili HAaHECEHO pPeabeHY
MIiKpOCTPYKTYpY, 110 KOAY€E 3amvcaHy iHdopmaliito. Meranizaiis 3miiicHIO-
€TbCS 3 BUKOPUCTAHHSIM KOPO3iMHOCTIMKMX MeTalliB 3 BACOKMMU TeMIepa-
TypaMH IUIaBJICHHS, TaKUX SIK POMiii, IUIaTUHA, XPOM, HiKesab Tomo. Ilpu
IIbOMY BUKOPHCTOBYIOTbCSI METOIM HAaHECEHHSI TOHKUX ILTiBOK, SIKi 3a0e3-
MeYyloTh MaKCUMAJIbHY aAre3il0o MeTaJieBOro BigOMBAalOYoro Iiapy Ao ITia-
KJIaJKM, TaKi SIK i0HO-TIJIa3MOBE, MarHETPOHHE HaIlmJIeHHs Toio. [1pu He-
00XiZHOCTI MeTajieBe TOKPUTTS MOXe OYyTH XiMiuHO BUTpAaBJIEHO, a MOTIM
BIpyTe HaHeceHo. Taka rmorpeba Moxe BUHUKHYTH TIpU HEOOXiTHOCTI pec-
TaBpyBaTH HOCIil iH(opMallii, IK1it 3a3HaB MOLIKOKEHb METaJIEBOTO IIapy
nin gieto remreparyp abo XiMiYHMX pEYOBMH.

Jiama3oH TOBIIMHM MOHOKPMCTAJIYHOI IMiIKJIagKA BU3HAYAETHCS TeX-
HOJIOTIYHICTIO ii BUTOTOBJIEHHS (JOIYCKOM Ha TOBIIMHY), 110 BMU3HAYae
MOXJIMBICTh (POKYCYBaHHS JIa36pHOTO BUIIPOMIHIOBAaHHSI 10 BU3HAUYCHUX
po3MmipiB ~0,8 MKM 3 BUKPUBJICHHSIM XBHUJILOBOTO (DpOHTY He Oiibiie 1/10
(BepxHe rpaHMYHe 3HaYeHHS — 1,4 MM) Ta MeXaHIYHOIO MILIHICTIO ITiIKJIaI-
KM (HVKHE rpaHWYHe 3HaYeHHs — 0,5 MM).

IlepeBaroro MOHOKPHUCTATIYHMX ITPO30PUX MiIKIAMOK IJIT ONITUYHUX HO-
ciiB iH(popMallii € BUCOKA ONNTUYHA OJHOPIIHICTD.

HaiiGinpia cTabiIbHICTh MOKA3HUKIB BiIOMBAIOYOTO IIapy MOXe OyTH
JMOCSATHYTA 32 YMOBM BUKOPMCTAHHS iOHHOI iMIUTaHTallii MeTajy (Xpomy, Hi-
KeJII0 TOIIIO) Y MOBEPXHEBUIA 1Iap MiAKIagKH.

s 3axucTy penbedHOI MiKpPOCTPYKTYPH Bil MeXaHiYHUX 3a0pyaHEHb
HOCIil TepMETU3YIOTh 3aXMCHUM IIIapOM, SIKMI BUTOTOBJISIIOTH 3 aKPUJIOBOTO
a00 SIHTapHOTrO JIAKYy.
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CUCTEMA 3UNTYBAHHA JAHUX 3 OITTUYHOI'O HOCIA
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Bunaxia HanexxuTb 10 iHhopMaliifTHUX TEXHOJIOTIH i MOXe BUKOPUCTOBYBA-
THUCS B CUCTeMax BiITBOPEHHS JaHUX 3 LIM(POBUX HOCIIB JOBrOTEpMiHOBOIO
30epiraHHs JaHUX.

Binoma cucTtema 3unTyBaHHS TaHUX 3 ONITUYHOTO HOCIs, SIKa CKJIaJa€Th-
cd 3 J1azepa, CBITJIONOAILHOrO KyOrKa, (POKYCYI04O0i JIiH31, YUBEPTHXBUIIBO-
BOl IIaCTUHKM 1 (oronpuitmaya. POKYyCyl0Uuol0 JIH3010 Oe3mepepBHE
BUIIPOMIHIOBAHHS ja3epa (POKYCYEThCS B IUISIMY MIKpOHHHMX PO3MipiB Ha
MOBEPXHi HOCIisA, a BiTOUTUI Bil HOCiSI MOAYJIbOBaHMIA BiITBOPEeHOIO iH(POP-
Malli€l0 IMPOMiHb CIIPSIMOBYEThCS Ha (hoTOIpUitMay, KM (OpMy€E CUTHA-
M 34uTyBaHHS i aBTO(OKycyBaHHA [1]. Hemomikom mbOro TeXHi4YHOTO
pillleHHs (aHajora) € Te, 10 TaKa CUCTeMa 34MTYBaHHS He J03BoJise Qop-
MyBaTH CUTHaJMd aBTOTPEKIHTY i YyTJuUBa OO IBOIPOMEHE3aJIOMJICHHS B
MiAKJIaaLi ONTUYHOIO HOCiS, B 3B’SI3Ky 3 UMM JI0 3Ha4YeHb JBOITPOMEHE-
3aJIOMJIEHHS B MiKJIaJKaX KOMIAKT-AUCKiIB BUCYBAIOTbCS XKOPCTKiI BUMOTH
(An=ny—n,=10%).

B niporoTumni [2] 4acTKOBO HEMOJIIKM MMPUCTPOIO aHAIOTa YCYHEHO B CHC-
TeMi 3UMTYBaHHSI JaHUX 3 ONITUYHOTO HOCIs, sIKa CKJIaZa€eThes 3 Jazepa, ho-
KYCYI04Oi JIiH31, CBITJIONOJUILHOTO KyOrKa, YBEPTbXBUJIbOBOI IIACTUHKU,
06araTorIolagKOBOTO (hoToMNpHuiiMaya i JOJaTKOBO MiCTUTh AU(paKLiliHy
I'PaTKYy, BCTAaHOBJIEHY Oe3IocepeaHbo Micis adepa. HasgBHicTh nudpakiiiii-
HOI I'PaTKMU Ta GaraToIjionagkoBoro ¢goTornpuiiMaya 103Bojse (opMyBaTH
CUTHaJIM aBTOTpeKiHTy. HemomikoM IpoToTUITy € Te, 110 CUCTeMa 3UMTyBaH-
HSI TAaKOX YYTJIMBA IO ABOIIPOMEHE3aTOMJICHHSI.
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CucreMu 3YUTYBaHHS JAHUX 3 ONTUYHOTO HOCIs [2] MOXYTh BUKOPUCTO-
ByBaTMCS JJIs1 BiATBOPEHHS JAaHUX, KOJIM ITiIKJIaJAKa ONITUYHOIO HOCisSI BUTO-
TOBJIEHa 3 aMOpdHOro moJjiiMepy (HapuKIIai, MoJiKapOOHAaTy), TOMY IO B
JMTAaHOMY Marepiajli 3Ha4€HHS JBOITPOMEHE3ATOMJIEHHSI € HEXTOBHO MAJIMM i
MPaKTUYHO HE 3aJIeXKUTh Bill KyTa MaliHHS 3YUTYBAJIbHOIO IIPOMEHS Ha OII-
TUYHUMA HOcii. Bimomo, 1o onTWyHi HoCii iH¢opMallii Ha IMigKIagKax 3
amMopdHUX TOJIiIMEPIB HE TIPUAATHI ST JOBFOTEPMiHOBOIO 30epiraHHs iH-
dopmaii. a1 goBrorepMiHOBOro 30epiraHHs iH(popMalii BUKOPUCTOBY-
IOThCS TIOKJIAAKMA 3 BUCOKOCTAOIIbHMX MOHOKPMCTAJIIYHMX MartepiaiB,
OiNBIIICTh 3 SIKUX MA€ 3HAYHE IBOIpOMeHe3aloMJIeHH: [3]. AJle y BUTIAAKY,
KOJIM TIiIKJIagKa ONTUYHOTO HOCISI BUTOTOBJIEHA 3 BUCOKOCTA0iIBHOTO MO-
HOKPHCTAIIYHOTO MaTepialy, BUKOPUCTaHHs 3a3HadyeHMX (aHayora i mpo-
TOTHUITY) CUCTEM 3UUTYBaHHS HEMOXJIMBE, TOMY III0 B MOHOKPHUCTATiYHUX
Martepiajax 3Ha4eHHS IBOIIPOMEHE3IOMJICHHS IOYMHAE BIUTUBATU Ha J0-
CTOBIPHICTb i HAAiAHICTh 3UMTYBAHHS JaHUX 3 ONITUYHUX HOCIIB.

3ajauero BUHAXOAy € IMiIBUILEHHS JOCTOBIpHOCTI i HamiitHOCTI BimTBO-
PEHHS TaHMX 3 ONTUYHUX HOCIIB 3 MiAKJIaAKaM1 3 BUCOKOCTAOITBHUX JBO-
MPOMEHE3aJTOMIIOI0UMX MOHOKPHUCTAIIYHMX MaTepiajiB, sKi 3a0e311e4yl0Th
JIOBrOTEPMiHOBE 30€piraHHs JaHUX.

IIpu nagiHHi 1a3epHOro BUMIPOMIHIOBAHHS, IIPOMEHI SIKOTO YTBOPIOIOTh
chepryHuil XBUIbOBUI (PPOHT, HA MOHOKPHUCTATIUHY ITiIKIaAKy BUHUKA-
I0Th (Da30Bi CIIOTBOPEHHSI CBiTJIa 3 HE3BUYANHOIO MOJISIpU3allic€io (p-monisi-
pHU3alli€lo), SKi € CYMepHo3UIliEI0 aCTUTMATU3MY Ta CHepuIHUX adeparliit
pi3HUX MOPSAAKiB. 30Kpema (pa3oBi CIOTBOPEHHS MPU3BOAATH A0 TOTO, 110
S- i p-nonsgipu30BaHe CBITI0 Oyne (hoKycyBaTHCs Ha pi3Hiil IIMOMHI i Bia-
CcTaHb MiX a1BOMa hokycamu A F Oyne BUBHAYAETHCS HACTYITHUM YUHOM:

AF=2hAn/n,,

Je An — pi3HULA MiX NOKa3HUKAMU 3aJIOMJIEHHS 3BUYaitHOTO (7)) i HE3BU-
yaifHoro (n,) IpOMeHSs1, # — TOBLIMHA MiAKJIaAK1 ONTUYHOTO HOCIs.

IIpu pokycyBaHHI Kpi3h BUCOKOCTAOITbHY MOHOKPUCTAJIIYHY ITiIKJIaaKy
TOBIIMHOI 1 MM BiICTaHb MiX IJISIMaMU B J€KiJbKa pa3iB MEPEBUIIYE PO3-
Mmip risimu. Lle He 1ae MOXIIMBOCTI HaIiiTHO BiITBOPIOBATH 3aIllMCcaHi JaHi.

ITocraBneHa 3amaya BUPIIIYEThCS TUM, 1110 B BiIOMili CCTeMi 3YMTyBaH-
HS TaHUX 3 ONITUYHOTO HOCIsI, SIKa CKIIaJa€ThC 3 Jla3epa, (POKyCyrodoil JTiH-
34, CBITJIONOMIJILHOIO KyOMKa, OaraTorioliagkoBoro @oTomnpuiiMaua,
YBEPTbXBUJILOBOI TUIACTUHKM i AU@PaKILiiiHOI I'paTKu, MiX (POKYCYIOU0IiO
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JIIH3010 Ta HOcieM iH(oOpMallii po3MillIeHO MOHOKPUCTAJIIYHY IIJIACTUHKY,
sIKa Ma€ iHBEpCHE 3HAUYEHHS Pi3HULI TOKA3HUKIB 3AJIOMJIEHHS 3BUYAHOTO
1 He3BUYAHOIO MPOMEHIB IO 3HAYEHHS Pi3HUIII MOKA3HUKIB 3aJ0MJIEHHS
3BMYAfHOrO i He3BUYAMHOTO MPOMEHIB MaTepialy BUCOKOCTAOiIbHOI MO-
HOKPMCTAJIIYHOI, HaNpuKJiam, candipoBoi, MiIKIaAK¥ ONTUYHOTO HOCIS.
Ockinbky B Tpolleci poOOTHM ONTUYHUI NUCKOBUI HOCI 00epTaeThCs
HaBKOJIO CBOEI OCi, a KOMIIEHCYI0Ya IIJIACTUHKA € HEPYXOMOIO, TO peai3y-
BaTU METOA MOXHa TLIbKU IPU BEPTUKAJIbHIll Opi€HTALlii ONTUYHOI OCi Ma-
Tepiajly ONTUYHOTO AUCKA i KOMIIEHCYIOYOI IIJIACTUHKMU.

TonoBHe TexHiuHe pillIeHHS TOJISATAE B TOMY, 110 e(heKT (hOKyCcyBaHHS Ja-
3€pHOr0 BUIIPOMIiHIOBAaHHS 3 Pi3HMMHU MHOJSIpU3aLisIMUA B IUISIMax, $SIKi, 3a
paxyHOK DPi3HUX MOKAa3HUKIB 3aJJOMJICHHSI 3BUYAlfHOTO Ta HE3BMYAITHOTO
MPOMEHIB, PO3HECEeHI MO TIMOMHI (POKYCYBaHHS, YCYBAETLCS 3a PaxyHOK
MPOXOMKEHHS JIa3ePHOI0 MPOMEHST Kpi3h JOJATKOBY IIACTUHKY. Hampu-
KJaf, mis candipy, SKuii € BACOKOCTa0IIbHUM MOHOKPUCTAIIYHUM MaTepi-
aJioM, 3 SIKOTO MOXYTb OyTM BUTOTOBJICHI MiAKIaAKU 151 HOCIiB TOBrorep-
MiHOBOTO 30€piraHHsI JaHUX, MAEMO:

Any,= ny— n,= 1,78038 — 1,77206 = 0,00832 = 8-10-".

JoclmimkeHHsT HasiBHUX IIPO30PUX OJHOOCHHMX BUCOKOCTAOIIBHUX
ONTUYHUX KPUCTATIB MOKa3aiu, 110 JIJIs BUNAAKy MaTepiany MiaKIaaKy i3
candipy HailkpallluM MaTepiaJoM I KOMIIEHcallil abepalliif € KBapil, 1110
Ma€ HACTYITHI 3HaYeHHSI MOKAa3HMKIiB 3ajgoMiaeHHS n0=1,5443, n€=1,5534,
PI3HMLISI MiXK SIKMMU CTAHOBUTD:

An,,.=1,5443 — 1,5534=-9- 1073,
TOOTO Ma€ iHBEpCHE 3HAYEHHS TTOKA3HMKIB 3aJIOMJICHHS 3BUYaiiHOIO Ta He-
3BUYATHOIO IIPOMEHIB 10 3Ha4eHb ITOKA3HUKIB 3aJIOMJICHHS 3BUYaifHOTO Ta
He3BMYAMHOTO TIPpOMEHIB candipoBoi MigKIagkKu. YMoBa KOMIIeHcallii
aCTUTMAaTUYHOI abepallii 3alUCY€ETHCS K

H . H
spf kvr _
A, + R An,, =0,
nspf nkvr

ne Hg, i Hy,, — TOBIIMHYU BUCOKOCTAOLTbHOI MOHOKPUCTAIIYHOI MiIKIIaJKI
3 cardipy Ta KOMIIEHCYI0401 KBaplieBOi MJIAaCTUHKM BiIIOBiTHO.

Buii mopsinku abepaliiii OyayTh TOBHICTIO KOMITIEHCOBaHi, KOJIU MaTepi-
aJl MiAKJIAOAKU ONITUYHOTO AUCKA i KOMIIEHCYIOUO]1 IJIJACTUHKM MalOTh OJHA-
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KOBI ITOKa3HMKU 3aJIOMJICHHS IS 3BUYaifHOTO poMeHsi. B iHIToMy BuIaz-
Ky KOMIIeHcalliss Oyae 4acTKoBolo. ToMy, miIsi oTpuMaHHS AU(PaKLiiiHO
00MeXeHO1 ONTUYHOI CUCTeMM, KOMIIEHCYIo4a IJIaCTUHKA MOBMHHA MaTu
MOKa3HUK 3aJOMJICHHSI OJU3bKUIl M0 MOKa3HMKa 3aJOMJICHHS IiTKJIaIKU
ONTUYHOTO aucka. BinmoBigHoO, IPyro roJoBHOI YMOBOIO LIONO BUOOPY
Marepianay, 3 SIKOrO0 IHOBMHHA BUTOTOBJISITUCS KOMIICHCYIOUA ILIaCTMHKA
CHCTEMU 3YUTYBAaHHS 3 ONTUYHOIO HOCIS, € Te, 1100 3HAaYeHHS ITOKa3HMKa
3QJIOMJIEHHSI Martepiajly KOMIIEHCYIO4Oi TUIACTUHKHU #1,,, Oyl10 OJIU3bKE IO
3HAYEHHS MOKAa3HMKA 3AJIOMJIEHHS MiAKIaIKU ONTUYHOTO HOCIS A, .

YMOBU 119 OTPUMaHHSI ONTUYHOI CUCTEMU 3 MiHIMaJIbHUMU 3QJIMIITKO-
BUMU alepalisiMU Uil ONTMYHOTO AMCKA 3 BUCOKOCTAOLIBHOI MOHO-
KPUCTAJiYHOIO IMIKIAagKOoI0 i3 candipy Ta MOHOKpPMCTAJTiYHOI KBaplOBOi
KOMIICHCYIOYOI IJITACTUHKY MOXHA 3aIIMCaT y BUIJTISIII:

1) H,,./ H, =0.62+0.72,

2) Hkvr+ vaf = I{sum 5 %’

3)|ncom_nsub|<0'3ﬁ
Ie Tepila yMOBa — IIe¢ YMOBa KOMIICHCAIlil acCTUTMaTU3MYy, Ipyra yMoBa
MoB’si3aHa 3i chepryHOoI0 abepalli€lo IUIOCKOMapalebHOTO Iapy, TPeTs
YMOBa — yMOBa JOCTaTHbOI KOMIIeHcallii abepauiii Buioro nopsaxy, H,,,, —
cyMapHa TOBIIMHA candipoBoi MiIKIagKy i KBaploBOi KOMIIEHCYIOUOI T1J1a-
CTUHKMU.

CniBBiZHOLLIEHHS TOBLUMHU KBapli0BOI KOMIIEHCYIOYOI IUIACTUHKKU H,, i
TOBIIMHU cariipoBoi minknanku H,, MOBUHHO MaTH 3HAYCHHS 3 1iarasoHy
0,62+0,72. V BunanKy, Konu 3Ha4eHHs CHiBBilHOWEHHS H),,/H,, BUXOIUTD
3a paMKH{ IIbOTO Jiarma3oHy, Oyae CIIOCTepiraTucsl 3HayHe CIIOTBOPEHHS
¢(POKYCOBAHOTO IPOMEHSI.

ToBuIMHY migkiIaaky GaxaHo BUOMparty i3 miamaszony 0,6+2 MM, Mexi
SJKOro Oyj0 BUOpaHO 3 MipKyBaHb TOTO, IO NPW TOBIUMHI ITiIKJIagKQA
OITUYHOTO HOCisT MeH1I01 3a 0,6 MM, KOHCTPYKIIisl OyIe MaTh HU3bKY MeXa-
HiYHY MIILIHICTh i BUTOTOBJICHHS SIKOi SIBJISIE 3HAYHY TEXHOJIOTIYHY MPOO0-
JieMy. 1151 KOHCTPYKIIil 3 TOBIIMHOIO MiAKJIAAKU OLTBIIOI HixXK 2 MM Pi3KO
3pOCTal0Th MacorabapuTHi MOKa3HUKM ONITUYHOI CUCTEMU i BOHA CTA€E YyT-
JIMBOIO IO HAXWJTYy TTOBEPXHi AMCcKa BITHOCHO 1i OCI.

VY T1abn. HaBeAeHO MPUKIAIM KOHCTPYKIIIHUX MapaMeTpiB (TOBIIMHU)
IrcKa 3 candipoBoio MiAKIAIKOI0 i KBapIIOBOI KOMIIEHCYIOUOI IIACTUHKU
JIJIS ONMTUYHUX TUCKIB pi3HUX (popMatiB. ToBIIMHA KBapLIOBOI KOMIICHCYIO-
YOI IUIACTUHKMU 3aJICXKUTh Bill TOBIIMHU cariipoBoi MiAKJIaIKU, YUM i Tpeba
KepyBaTUCh PU BUTOTOBJIEHHI KBapLIOBOI KOMIIEHCYHOYOI IUIACTUHKU.
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Ta6nuust. ToBummHM candipoBoi miaKJIaAKK | KBapIOBOi KOMIIEHCYIOYOI MIACTUHKH
JIJIS ONITUYHUX JUCKIB pizHUX opmaTiB

ToBumHa ToBumHa HeckomnencoBaHna
Tun Hocis candgipoBoi KBap10BOi abepallist
MiAKIagKu (MM) MJ1aCTUHU (MM) AD/®D, 100 %
CD 0,714 0,486 1
DVD 0,357 0,243 1,6
CD (3 BiZTBOpeHHSAM
Ha JOBXWHI XBWIi A = 0,714 0,486 0,3
400 nm)

Hnsa 3uutyBaHHsa gaHux 3 CD, 3 TOBIIMHOIO carndipoBOi IMiAKIaIKN
0,714 MM, Tpeba BUKOPHUCTOBYBAaTH KOMIIEHCYIOUY KBaplOBY IUIACTUHKY
tToBurHO© 0,486 MM, a U1t 3unTyBaHHs gaHux 3 DVD, 3 ToBIIMHOIIO ca-
ndiposoi migkmanku 0,357 MM, Tpeba BMKOPUCTOBYBATHM KOMIICHCYIOUY
KBapIIOBY IUIACTUHKY TOBIIMHOIO 0,243 MM.

JJ1s1 onTUYHUX HOCIIB i3 cardipoBUMU TigKIagKaMM, 3alliUC Ha SKi 3po-
671eH0 B pizHux ¢opmatax (CD, DVD Tolo), ToBIIMHA KBaploOBOi Ij1ac-
TUHKA cTaHOBUTH 0,2—0,6 MM.

Ha kpecneHHi npencraBieHa ONTUYHA CXeMa CUCTEMM 3YMTYBaHHS Ja-
HUX 3 ONTUYHOTO Hocis. B mpoiieci BiaTBOpeHHsT TaHUX JIa3epHE BUIIPOMi-
HIOBaHHSI, SIKE TEHEPYETHCS Ja3epHUM cBiTiIomionoM (1), Kpi3b nudpakiiii-
Hy I'patky (2), YBEpPTbXBWIBOBY ILUIACTUMHKY (5) i CBITJIONMOMINIBHUIN KyOUK
(3) HanpaBsieThCs Ha GoKycyrouy JiH3y (6). @okycyroua iiH3a (6) GhoKycye
JIa3epHEe BUIIPOMiHIOBAaHHS KPi3h KOMIICHCYIOUY ILIaCTUHKY (7) i MigKIIaaKy
Hocist (8) Ha penbedHY CTPYKTYpy Hocig iHdopwmaliii. HasiBHicTb MOHO-
KPUCTAJTIYHOI KOMIIEHCYI0YO1 TIACTUHKY MTPU3BOIUTH IO TOTO, 1110 3BUYaii-
HU1 Ta HE3BUYAHHUI TTPOMEHi (POKYCYIOThCsI 110 TMMOMHI (DOKYCyBaHHS B
OIIHY ILIOIMHY.

Ha kpeclieHHi TTOKa3aHO PO3MOBCIOMXKEHHS 3BUYAiTHOTO (CYyIiJbHA JTi-
HisT) Ta HE3BMYAHHOTO (IITPUXOBA JIiHisI) IIPOMEHS IIPU IIPOXOIKEHHI Kpi3b
MOHOKPUCTAJIIYHY KOMIIEHCYIOUY IUTACTUHKY 3 KBaplly Ta BUCOKOCTAOLIbHY
MOHOKPUCTATIYHY MiAKJIaAKy ONTUYHOro Hocig 3 candipy. BinxuneHHs B
PO3MOBCIOMXKEHHI HE3BUYAWHOTO ITPOMEHS KPi3b MiAKIaAKy OIITUYHOTO HO-
Cisg KOMIIEHCYEThCSI MOro BiIXWIEHHSIM B IPOTWIEKHOMY HAIPSIMKY IIpU
MPOXOIXKEHHI Kpi3h KOMIICHCYIOUY IUIACTMHKY, LIO JA€ 3MOIY 3MEHIIUTH
BIUIMB JIBOIIPOMEHE3aJIOMJIEHHS B IiIKIIaAKaX ONTUYHUX HOCIIB 0 MiHIMyMY.
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SIx Marepias MigKIagKyd ONTUYHUX HOCIIB JJIsT JOBrOTEPMiHOBOTO 30epi-
TaHHS JaHUX MOXYTb BUKOPHCTOBYBaTHCS cardip abo KBapil. Y BUMAIKY,
KOJIM SIK MaTepias sl BATOTOBJSHHS MiIKJIaaKU ONITUYHUX HOCIIB 3aCTOCO-
ByeTbesl candip (Al,O;), A1 BUTOTOBJEHHS KOMIIEHYCYIOYOi IUIACTUHKHU
BUKOPUCTOBYIOTH KBapLl (Si0,), i HaBNaku, KOJIM K MaTepia 1Jis BUTOTOB-
JIEHHS MiIKJIaIKW ONTUYHUX HOCIiB 3acTocoByeThesl kBapl (SiO,), To s

BUTOTOBJICHHS KOMIIEHCYIOUOi IIJIJACTUHKM BUKOPUCTOBYIOTH cardip
(ALO,).
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OOPMVIIA BUHAXOY

1. Cucrema 3UMTYBaHHS JaHUX 3 ONTUYHOIO HOCIsSI, IKUI Ma€ MimKiam-
Ky 3 BUCOKOCTA0iJIbHOTO MOHOKPUCTAIIYHOIO MaTepiaiy, sika CKJIaga€ThCs
3 J1a3epa, (POKYCYI0Uoi JTiH3M, CBITIONOMIILHOIO KyOrKa, 0araToruiomanko-
Boro doTtonpuitMaya, tudpakiLiiiHOI I'paTK1, YBEPTbXBUILOBOI INIACTUHKU,
sKa BIiIPi3HAETbCS THM, 110 MiX (DOKYCYIOUOIO JIIH30I0 Ta ONTUYHUM
HOCIEM PO3MIIIIEHO KOMIICHCYIOUY MOHOKPHUCTAJIiYHy IUIACTUHKY, sIKa Ma€
iHBEpCHE 3HAYEHHS Pi3HULII TTOKA3HUKIB 3aJIOMJICHHSI 3BUYAITHOTO i HE3BU-
YyailHOro IPOMEHIB BiITHOCHO OO0 3HAYE€HHS Pi3HUII MOKA3HMKIB 3aJ0M-
JIEHHS1 3BUMYalHOIO i He3BUYAHOIO MPOMEHIB BUCOKOCTA0iIbHOTO MOHO-
KPUCTAIIYHOIO MaTepiany IMiIKJIaaKd ONTUYHOTO HOCIsI.

2. CucreMa 34MTYBaHHS JaHUX 3 ONTUYHOIO HOCif 3a 1. 1, sika Bimpi3-
HAETHCSA TUM, 1110 KOMIICHCYIOUY MOHOKPHYCTAJIiYHy IUIACTUHKY BUTOTOBJIE-
HO 3 MOHOKPMCTAJI4YHOro KBaplly, TOBIIMHA SIKOi ckiagae 62 %—72 % Bin
TOBIIMHYU MOHOKPUCTAJIIYHOI cardipoBoi MiTKIaIKH.
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CUCTEMA 34YUTYBAHHA JAHUX
3 ONITUYHOTI'O HOCIA TA ONTUYHUI HOCIN
JJIA JOBIOTEPMIHOBOTI'O 3BEPITAHHA JAHUX

IHamenm Yipainu Ne106699. MIIK’ G11B 7/00, G11B 7/24
10.06.2014. bioa. Nell, 2014 p.

BuHnaxig HanexXuTh 10 iH(GOpMaLiiiHUX TEXHOJIOTii i MOXe BUKOPUCTO-
BYBaTHUCS B cMCTeMax 30epiraHHs i BinTBOpeHHs JaHUX 3 LIM(GPOBUX HOCIIB
JIOBrOTEPMiHOBOTO 30€piraHHs TaHUX.

Bigoma cucTtema 3uMTyBaHHS TaHUX 3 ONITUYHOTO HOCIS, IKa CKJIaJa€Th-
cd 3 J1azepa, CBITJIONOMIILHOrO KyOrKa, (pOKYCyI04Oi JIiH31, YBEPTHXBUIIHO-
BOI IUTaCTUMHKM i oronpuitMaya. Mokycyrodoro J1iH3010 Oe3rnepepBHE BU-
MPOMIHIOBAHHS Jla3epa (POKYCYETbCS B IUISIMY MIKPOHHMX pO3MipiB Ha
MOBEPXHi HOCis, a BITOMTHUIA Bill HOCisl MOIYJIbOBaHMI BiITBOPEHOIO iH(MOP-
Malli€l0 IMPOMiHb CIIPSIMOBYEThCS Ha (hoTOIpUitMay, SIKUi (hOPMYy€E CUTHA-
JIN 34UTYyBaHHSA i aBTopoKycyBaHHd [1]. HemomikoM LIbOTO TEXHIYHOTO pi-
IIeHHS (aHajora) € Te, IO TaKa CHCTeMa 3UYMTYBaHHS HE JO3BOJISIE
¢opMyBaTH CUTHAIM aBTOTPEKIiHTY i YyTJIMBA 10 IBOIIPOMEHE3aIOMJICHHS B
MiTKJIaaLi ONTUYHOIO HOCIS, B 3B’SI3KY 3 UMM 0 3HAa4eHb JIBOIIPOMEHE3a-
JIOMJIEHHSI B MiAKJIagKaX KOMIIAKT-IUCKiBBUCYBAIOThCS XKOPCTKi BUMOTU
(An=ny—n,=10%).

B niporoTtumni [2] 4yacTKOBO HEMOJIIKM MMPUCTPOIO aHAIOTa YCYHEHO B CHUC-
TeMi 3UMTYBaHHS JaHUX 3 OIITUYHOTO HOCIs, sIKa CKJIaga€eThesA 3 Jazepa, dho-
KYCYI04Oi J1iH3H1, CBITJIONOJIUILHOIO KyOrKa, YBEPTbXBUJIbOBOI IIACTUHKU,
OaraTorIonagkoBoro ¢oTornpuiiMada i 10JaTKOBO MiCTUTh IUMpaKLiiiHy
I'PaTKYy, BCTAaHOBJIEHY Oe3IMocepeaHbO Micis 1azepa. HasBHicTh nudpakiiii-
HOI I'paTKHU Ta 0araToIuIOIagAKOBOroO (hoTompHuiiMada 103BoIsIE (DOPMyBaTH
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CUTHaJIM aBTOTpeKiHTy. HemoikoM IpoToTUITY € T€, 110 CUCTeMa 3UMTYBaH-
HSI TAKOX YYTJIMBA IO IBOIIPOMEHE3aTOMIICHHSI.

CucTeMu 3YUTYBaHHS JAHUX 3 ONITUYHOTO HOCIS [2] MOXYTh BUKOPUCTO-
BYBAaTUCS 11 BIATBOPEHHS JaHUX, KOJU MiAKJIaJKa ONTUYHOTO HOCisl BUTO-
TOBJIEHA 3 aMOP(HOTrO ToJiMepy (HampuKiad, ModikapooHaTy), TOMY 1110 B
JaHOMY MaTepiali 3HaYeHHS 1BOIPOMEHE3aJIOMJIEHHSI € HEXTOBHO MaJluM i
MPaKTUYHO HE 3aJIeXKUTh Bill KyTa MaliHHS 3YUTYBAJIbLHOIO IIPOMEHS Ha OII-
TUYHUI Hociii. Bimomo, 1o onTtuyHi Hocii iHGopMalii Ha MmigKiIagkKax 3
amMopdHUX TOJIIMEPIB HE TIpUIATHI AJIST JOBFOTEPMiHOBOIO 30epiraHHs iH-
dopwmariii. st moBrorepMiHOBOro 30epiraHHs iH(opmallii BUKOPUCTOBY-
IOTbCSl TMOKJIAAKMA 3 BUCOKOCTAOIIbHMX MOHOKPUCTAJIIYHMX MaTtepiaiB,
OINIBIIICTD 3 IKMX Ma€ 3HAYHE NBOIpPOMeHe3aloMIeHHs [3]. AJle y BUTIAAKY,
KOJIY MiIKJaaKa ONTUYHOTO HOCiSI BUTOTOBJIEHA 3 BUCOKOCTAOIIBHOTO MO-
HOKPHCTAJIIYHOTO MaTepiajy, BAKOPUCTAaHHS 3a3HaYeHMX (aHAJIOTY i MpOTO-
TUITY) CHUCTEM 3YMTYBaHHS HEMOXKJIMBE, TOMY IO B MOHOKPHCTaTiYHUX
Marepiajax 3Ha4eHHS TBOIIPOMEHE3AIOMJICHHS IOYMHAE BIUIUBATU Ha J0-
CTOBIPHICTb i HAAIAHICTh 3YMTYBAHHS IaHUX 3 OITUMHUX HOCIIB.

3ajauero BUHAXOAY € ITiIBUILEHHS AOCTOBIPHOCTI i HamiifHOCTI BiITBO-
PEHHS TaHMX 3 ONTUYHUX HOCIIB 3 MiAKIIaAKaM1 3 BUCOKOCTAOITBHUX JBO-
MPOMEHE3aTOMITIOI0YMX MOHOKPUCTATIYHUX MaTepialliB, sIKi 3a0€3IeUyIOTh
JIOBroTepMiHOBE 30epiraHHs TaHUX.

IIpu nmagiHHiI 1a3epHOro BUIIPOMiHIOBAHHS, MPOMEHI SIKOTO YTBOPIOIOTH
chepryHuil XBUIbOBUI (DPOHT, HA MOHOKPHUCTATIUHY ITiIK/IaAKy BUHUKA-
10Th (Da30Bi CITOTBOPEHHSI CBiTJIa 3 HE3BUYANHOIO MOJISIpU3allic€to (p-mosi-
pHU3alli€lo), SKi € CYMepro3UIliE0 aCTUTMATU3MY Ta ChepuIHUX adeparliit
pi3HUX MOPSAKiB. 30KpeMa (pa3oBi CIOTBOPEHHS MIPU3BOAATH A0 TOTO, 110
S- i p-moasipu3oBaHe CBiTIO Oyne (hOKyCyBaTHCS Ha pi3Hiil ITMOMHI i Bim-
CTaHb MiX aBoMa oKycamu AF Oyne BUBHAYAETHCSA HACTYITHUM YHHOM:

AF=2hAn/n,,

Jie An — pi3HMIISA MiX IMOKa3HUKaMU 3aJIOMJIEHHS 3BUYaiiHOTO (7,) i HE3BU-
yaifHoro (#,) IpOMeHs, # — TOBLIMHA MiIKJIaIK1 ONTUYHOIO HOCIS.

IIpu pokycyBaHHI Kpi3b BUCOKOCTAOITIbHY MOHOKPUCTAJIIYHY ITiIKIAgKy
TOBILIMHOIO 1 MM BiICTaHb MIX IJISIMaMM B JI€KiJbKa pa3iB IIE€PEBUIIYE PO3-
Mmip risimu. Lle He mae MOXJIIMBOCTI HaiifHO BiITBOPIOBATH 3aIllMCaHi JaHi.

ITocraBneHa 3amavya JOCATAETLCS TUM, 1O B BiJOMiii cMcTeMi 3UMTyBaH-
HSI JaHUX 3 ONITUYHOTO HOCIsI, IKa CKJIIaJa€ThCs 3 Jla3epa, (POKyCyrodoil JTiH-
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31, CBITJIONOMIJILHOIO KyOMKa, O0araTorioniagkoBoro @QoTomnpuiiMaua,
YBEPTbXBUJILOBOI TIACTUHKM i AU@PaAKILiAHOI I'paTKu, MiX (POKYCYIOU0IiO
JIIH3010 Ta HOCiEM iHdoOpMaIIil po3MillleHO MOHOKPUCTAJIiYHY TUIACTUHKY,
sIKa Ma€ iHBepCHE 3HaYeHHs Pi3HUIII TTOKA3HUKIB 3aJIOMJIEHHSI 3BUYaifHOTO
1 He3BUYAMHOTO MPOMEHIB 0 3HAYEHHSI Pi3HUIII MOKA3HMKIB 3aJI0MJIEHHS
3BMYAfHOrO i HE3BUYAWHOTO MPOMEHIB MaTepialy BUCOKOCTAOLIbHOI MO-
HOKPMCTAJIIYHOI, HaNpUKJam, cardipoBoi, MiIKIaAK¥ ONTUYHOTO HOCIs.
Ockinbky B mpolieci poOOTHM ONTUYHMI NUCKOBUI HOCiI 00epTaEThCs
HaBKOJIO CBOEI OCi, a KOMIIEHCYI0Ya IJIACTUHKA € HEPYXOMOIO, TO peasli3y-
BaTU METOO MOXHA TUIbKU IPU BEPTUKAJIbHIll Opi€HTAaLlii ONTUYHOI OCi Ma-
Tepiajly ONTUYHOTO AUCKY i KOMIIEHCYI0UOI IJIACTUHKMU.

TonoBHe TexHiuHe pillIeHHS MOJISATAE B TOMY, 1110 e(eKT (hOKyCcyBaHHS JIa-
3€pHOr0 BUIIPOMIiHIOBAaHHS 3 Pi3HMMHU MHOJSIpU3aALisIMUA B IUISIMax, SIKi, 3a
paxyHOK DPi3HUX MOKAa3HUKIB 3aJJOMJICHHSI 3BUYAlfHOTO Ta HE3BMYATHOTO
MIPOMEHIB, PO3HECEHI MO TIMOMHI (POKYCYBaHHS, YCYBAETHCS 3a PaxyHOK
MPOXOMKEHHS JIa3ePHOr0 MPOMEHSI Kpi3h JOMATKOBY IIacTUHKY. Hampu-
KJam,11s1 carndipy, IKUii € BUCOKOCTA0IIbHUM MOHOKPUCTAJIIYHUM MaTepi-
aJioM, 3 SIKOTO MOXYTh OyTHM BUTOTOBJIEHI MiAKIAAKU JJIsI HOCiiB JOBIroTep-
MiHOBOTO 30€piraHHs JaHUX, MAEMO:

Ang,,= ny—n,=1,78038 — 1,77206 = 0,00832 = 8-10—3.

JocmimkeHHsT HasiBHUX IIPO30PUX OJHOOCHHMX BHUCOKOCTAOIIBHUX
ONTUYHUX KPUCTAJIB MOKA3aJIu, WO I BUITAAKY MaTepialy HiIKIaaku i3
candipy HaliKpalliuM MaTepiaaoM JJis KOMIIeHcallii abepalliil € KBapll, 110
Ma€ HACTYITHI 3HaYeHHsI MOKa3HMKIiB 3ajgoMiaeHHsT n0=1,5443, n€=1,5534,
PI3HULISI MiXK SKHUMU CTAHOBUTD:

An,,.=1,5443 — 1,5534 = -9 - 103,
TOOTO Ma€ iHBEpCHE 3HaUCHHSI MOKA3HUKIB 3aJIOMJICHHSI 3BUYAiTHOTO Ta He-
3BUYATHOIO IIPOMEHIB 10 3Ha4€Hb ITOKA3HUKIB 3aJJOMJICHHS 3BUYAfHOTO Ta
He3BMYAMHOTO TIPOMEHIB camndipoBoi MigKmaaku. YMoBa KOMIIeHcallii
aCTUTMaTUYHOI abepallii 3alUCYETHCS SIK

H H

spf k _

2 An,, + - AR, =0,
nspf nkvr

ne Hy i Hy, — TOBIIMHU BUCOKOCTAOLTbHOI MOHOKPUCTAIIIYHOI MiIKIIAJKI
3 cardipy Ta KOMIIEHCYI0401 KBaplieBOi IIJIACTUHKY BiIIOBiTHO.
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Buii mopsinku abepaliiit OyayTh TOBHICTIO KOMIIEHCOBaHi, KOJIU MaTepi-
aJl MiJKJIaAKK ONITUYHOIO AUCKY i KOMIIEHCYI0UOI MJIaCTUHKU MalOTh OHA-
KOBI ITOKa3HMKM 3aJIOMJICHHS UIsS 3BUYaifHOTO IpoMeHs. B iHIToMy Bumaz-
Ky KOMIIeHcallisi Oyae 4acTKoBolo. ToMy, ISl oTpuMaHHSI AUGPaKIiiiHO
00MEXEeHOI ONTUYHOI CUCTeMH, KOMIICHCYIoUa IUIACTUHKA MTOBUHHA MaTU
MOKa3HUK 3aJJOMJICHHSI OJM3bKMI M0 MOKAa3HMKA 3aJOMJICHHS ITiIKIaIKy
ONTUYHOTO MUCKY. BiNMmoBigHO, APYroio rojloBHOK YMOBOIO IIOJ0 BUOOPY
Marepiajay, 3 SIKOTO THOBMHEH BUTOTOBJISITHCS KOMIICHCYIOUYa ILIaCTMHKA
CHCTEMU 3YUTYBAaHHS 3 ONTUYHOIO HOCIS, € Te, 1100 3HAaYeHHS MOKa3HMKa
3aJIOMJIEHHSI MaTepially KOMIIEHCYIOUOi IUIACTUHKU H,,, Oyl0o OJIM3bKE 1O
3HAYCHHSI TIOKA3HUKA 3aIOMJIEHHSI [TIKJIAIKY OTITUYHOTO HOCIS 7.

VYMoBU 111 OTpMMAaHHS ONTUYHOI CUCTEMHU 3 MiHiIMaJbHUMU 3aJIMIIKO-
BUMU alepalisiMU Uil ONTUYHOIO AMCKA 3 BUCOKOCTAOLIBHOI MOHO-
KPUCTAJTIYHOIO IMIKIAagKOoIo i3 candipy Ta MOHOKpPMCTAJIiYHOI KBaplOBOi
KOMIICHCYIOYOI TJITACTUHKY MOXHA 3aIIMCaTH y BUIJISIII:

1) H,,./ H, =0.62+0.72,

2) Hkvr+ I—Ispf = flsum 5 %3

3) | Reom — nsubl < 03’
IIe Tepla yMOBa — 1I¢ YMOBa KOMIIEHCAllii aCTUTMAaTU3MYy, Apyra yMmoBa
noB’s13aHa 3i cepuuHOI0 abepalli€lo IJIOCKOoMapanaeJbHOTO IIapy, TpeTs
YMOBa — yMOBa JOCTaTHbOI KOMIIeHcallii abepauiii BuLoro nopsaxy, H,,,, —
cyMapHa TOBIIMHA carndipoBoi MiaKIagKy i KBaploBOi KOMIIEHCYIOUOi I1J1a-
CTUHKHU.

CniBBiIHOLIEHHS TOBILMHU KBapLOBOi KOMIIEHCYIOYOI IJIaCTUHKU H,, i
TOBIIMHU cariipoBoi minknanku H,, MOBUHHO MaTH 3HAYEHHS 3 1iarasoHy

/)
0,62+0,72. V BumajKy, Ko 3HaY€HHA CIliBBiAHOIWEH S H,,, / H, BUXOMUTh

kvr
3a paMKHM IIbOTO Jiarma3oHy, Oyae CIIOCTepiraTucsl 3HayHe CIIOTBOPEHHS
¢(OKYyCOBAHOTO IIPOMEHSI.

ToBuIMHY MiaKiIaaky GaxaHo BUOMpaTty i3 miama3zoHy 0,6+2 MM, Mexi
SIKOTO OyJl0 BMOpaHO 3 MipKyBaHb TOrO, IO IIpU TOBIUMHI IiIKJIaAKA
OITUYHOTO HOCisT MeH1101 3a 0,6 MM, KOHCTPYKIIisl OyIe MaTh HU3bKY MeXa-
HiYHY MIlLIHICTh i BUTOTOBJIEHHS SIKOi SIBJISIE 3HAYHY TEXHOJIOTIYHY MPOO0-
seMy. s KOHCTPYKILii 3 TOBIIMHOIO IAKIAAKUA OLIbIIOI HiXK 2 MM pi3KO
3pOCTal0Th MacorabapuTHi MOKAa3HUKM ONITUYHOI CUCTEMU i BOHA CTA€E YyT-
JIMBOIO 10 HAXWJTy MOBEPXHi I1CKa BiIHOCHO ii OCi.

VY Tabn. HaBeAeHO MPUKIAIM KOHCTPYKIIMHUX MapaMeTpiB (TOBIIUHU)
IHCKa 3 caripoBOIO IMiIKIAIKOIO i KBapIIOBOi KOMIIEHCYIOUOI TUIAaCTUHKU
JIJTST ONITUYHMX AUCKIB pizHUX (popmaTiB. ToBIIMHA KBApLIOBOI KOMIIEHCYIO-
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YOI IUIACTUHKM 3aJICXKUTh Bill TOBIIMHU cariipoBOi MiAKJIaIK1, YUM i Tpeba
KEepyBaTUCh IIPU BUTOTOBJICHHI KBapPIIOBOI KOMIIEHCYIOUO] IJIACTUHKMU.

Ta6auus. ToBmunn candipoBoi miAKIaAKu i KBAPIOBOi KOMIEHCYI0YO]I NMJIACTUHKH
JUIS ONTHYHMX JAUCKIB pi3Hux opmaris

TosiumHa ToBmmHa HeckommneHncoBaHna
Tun Hocist carndipoBoi KBapIlIOBOI abepartist
miaKIagky (MM) IIaCTUHU (MM) AD/D, 100 %
CD 0,714 0,486 1
DVD 0,357 0,243 1,6
CD (3 BinTBOpeHHSIM
Ha JOBXWHI XBUIL 0,714 0,486 0,3
A =400 nm)

Hnst 3untyBanHs nanux 3 CD, 3 ToBinHoW0 cardiposoi niakianku 0,714
MM, Tpeba BUKOPHCTOBYBAaTU KOMIICHCYIOUY KBapIIOBY IIJIACTUHKY TOBIIIM-
Hoto 0,486 MM, a g 3uuTyBaHHd AaHux 3 DVD, 3 ToBIiImHO©O candipoBoi
minkiaanku 0,357 MM, Tpeba BUKOPHMCTOBYBATH KOMIICHCYIOUY KBapIIOBY
IJIACTUHKY TOBLIMHOW 0,243 MM.

JJ1s1 oNTUYHUX HOCIIB i3 cardipoBUMU MigKIagKaMM, 3alliUC Ha SKi 3po-
oneHo B pizHux ¢opmatax (CD, DVD Tomio), ToBIIMHA KBapIlOBOi Iuiac-
TUHKHA cTaHOBUTH 0,2-0,6 MM.

Ha ¢ir. 1 npeacraBieHa onTUYHA cXeMa CUCTEMM 3UMTYBaHHS JaHUX 3
OIITUYHOTO Hocis. B mpolieci BinTBOpeHHs TaHUX Jla3epHEe BUIIPOMiHIOBaH-
HS, sIKe TeHEepYETbCS JIa3epHUM CBITJIO miomoM (1), Kpisb mudpakiiiiiHy
Ipatky (2), YBepThXBUJIbOBY IUIACTUHKY (4) i CBiTIOMOIIIbHUI KyOuK (3)
HampaBIsIETbc Ha okycytouy JiH3y (5). Dokycyroua JjiH3a (5) dokycye
Jla3epHe BUIIPOMIHIOBAHHS KPi3b KOMIICHCYIOUY IUTACTUHKY (6) 1 MiaKIaaKy
Hocist (7) Ha penbedHY CTPYKTYpy Hocig iHdopmalii. HasBHicTh MOHO-
KPUCTAJiYHOI KOMIIEHCYI0YO1 MJIACTUHKY TTPU3BOIUTH JI0 TOTO, 1110 3BUYaii-
HUI1 Ta HE3BUYAHHUI MPOMeEHi (POKYCYIOThCS IO TMOMHI (DOKYCYBaHHS B
OIIHY IIJIOIIMHY.

Ha ¢ir. 1 mokazaHo po3MOBCIOMKXEHHS 3BUYafHOTO (CYLiIbHA JIiHis) Ta
HEe3BUYAMHOTO (IITPUXOBA JIiHiS) IPOMEHS MPU IMPOXOMKEHHI KPi3b MOHO-
KPHUCTaiYHy KOMIIEHCYIOUY IUITACTUHKY 3 KBaplly Ta BUCOKO CTaOiIbHY MO-
HOKPHUCTAIIUYHY MiIKJIaJKy ONTUYHOTO HOCis 3 cardipy. BinxuineHHs B po3-
MOBCIOMXKEHHI HE3BUUAMHOTO MPOMEHS Kpi3b IMIKIAAKY ONTUYHOTO HOCIs
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EEEEE!

KOMIIEHCYEThCS MOr0 BiIXWJICHHSIM B IIPOTWIEKHOMY HAIIPSIMKY IIPU IIPO-
XOIXKEHHI Kpi3h KOMIICHCYIOUY IUIACTHHKY, 1O Ja€ 3MOI'Y 3MEHIIIUTHU BILIUB
JBOIIPOMEHE3aJIOMJIEHHS B MiIKJIaJKaX ONTUYHUX HOCIIB 0 MiHIMyMY.

B sgxocTi MaTepiany migkiianky ONTUYHUX HOCIIB JJIs1 JOBrOTEPMiHOBOIO
30epiraHHs TaHUX MOXYTb BUKOPHUCTOBYBaTHCS caridip ado KBapll. Y BU-
MMajKy, KOJM B SIKOCTi MaTepiajay i BUTOTOBJICHHS IAKIaAKA OINTUYHUX
HociiB 3actocoByeTbcs candip (Al,O;), A BUTOTOBIEHHSI KOMIIEHCYIOYOIi
IJIACTUHKK BUKOPUCTOBYIOTH KBapll (SiO,), i HaBmaku, Kojiu B SKOCTi Ma-
Tepialy I BUTOTOBJICHHS TAKJIAAKWA ONTUYHUX HOCIIB 3aCTOCOBYETHCS
kBapll (SiO,), TO A1 BUTOTOBJIEHHSI KOMIIEHCYIOYOI IUIACTUHKU BUKO-
puctoBytoTh candip (Al,O5).

Bimomuii onTUYHUI HOCIH I JOBrOTEPMiHOBOTO 30€piraHHS JaHUX
CKJIAJAEThCA 3 TMOKIAAKW, Ha SIKy HaHECEHO pelIbe(PHY MiKpOCTPYKTYDY,
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sIKa KOAY€E 3alucaHy iH(popMallilo, BiIOMBaIOYOTo Ta 3aXMCHOTO 11apiB [3].
MiHimManbHe 3HaYeHHSI ABOMPOMEHE3ATIOMJIEHHSI CIIOCTEPIra€EThes IS ca-
ndipoBux minkiaagox 3 opieHrarieo 0001(c) (kpucranorpacdiyHa och mep-
MEHINKYIIpHA TUIOLIMHI MiAKJIagKK1) i BOHU MOXYTb OyTH CKOMIIEHCOBaHi
KOMIICHCYIOUMMHM TIJIaCTUHKAMU, BUTOTOBJICHUMH 3 MaTrepialiB 3 IPOTH-
JIECXKHUM 3HAuYeHHSIM JOBOIpoMeHe3aloMmyeHHsa. CKIamHicTh KOMITeHcallii
JNIBOIIPOMEHE3aJIOMJICHHSI KPUCTAIIYHOI MiAKIAAKU TIOJISIra€E B TOMY, 11O B
MpoLECi BUKOPUCTAHHS HOCiA 006epTa€TbCS HABKOJIO OCi, IEPNEHIANKYISIP-
Hilt iforo mommHi. HaBiTh BUKOpHCTaHHS KOMIIEHCYIOUOI TUIAaCTUHKU He
Jla€ TIOBHOI KOMIIEHcallii ABOIIpOMEeHe3aJIOMJIeHHSI IIPpU BiXWJli KpUCTaIO-
rpacdiyHoi oci cargipoBoi MIKIaAKKM Bil BU3HA4YeHOI opieHTarii. [lpu
o0epTaHHi Takol MiAKJIaAKWA KOMIIEHCAllisl ABOMPOMEHE3AIOMJIEHHS Mae
MiClI¢ TiJIBKY ITPY IOBHOMY KYTi TOBOPOTY MiAKIaAKHU.

3agavy MigABUILEHHS IIITLHOCTI 3amucy iHdopmallii Ha ONTUYHUN HOCIl
BUPIIIYETHCS IIUISIXOM TOTO, 1110 B HOCII JJ11 JOBrOTepMiHOBOIO 30epiraHHs
iH(opMallii, SKUi1 MiCTUTh MiAKJIAAKy 3 MOHOKPUCTAJTIYHOrO MaTepiaidy 3
penbeHOI0 MiKPOCTPYKTYPOIO JUIsl KOAYBaHHS 3amucaHol iHdbopmallii, Bif-
OMBalOUMii Ta 3aXMCHUI IIap, BiAMNOBIZHO OO BWHAXOAY, BiIXWICHHS
KpucTtajgorpadiqyHoi oci MiZKIAAKW Bio IEPICHAMKYISIpa N0 IUIONIMHU
OIITUYHOTO HOCisI He nepeBuliye 20 KyTOBUX XBUIWH, IIPU IIbOMY TOBIIMHA
MiOKIaaKy cTaHOBUTH y Mexkax 1,19...1,21 mm. TlepeBakHO MimKIanaKy BU-
KOHYIOTb 3 candipy.

dakTnyHo BimxwiIeHHs KpuctagorpadidyHoi oci MIKIagKA BH3HAYAE
MaKCUMaJIbHY IIUTBHICTD 3aIIHCY, SIKa MOXe OYTH TOCITHYTa Ha ONTUIHOMY
Hocii 3 makiankoro 3 camndipy. PisHUIIT B ONTUYHOMY LIIJISIXY JUISI 3BMYAii-
HOTO i HE3BMYATHOTO TIPOMEHIB MOXEe OYyTH CKOMIIEHCOBaHa TiIbKU MPHU
MEePIeHANKYISIPHOMY TTOJOXEHHI KpucTajaorpadiqHoi oci 10 MoBepXHi HO-
cid.

BinxunenHs kpucragorpadidyHoi oci Bil IeprneHAuKyIsipa IPU3BOIUTH
0 BiAMOBIZHOTO 3MillleHHs KpUCTajlorpadidHoi OCi MiZKJIAagKW IIiI 4Jac
o0epTaHHS HOCIS, 1110 B CBOIO YePTy MPU3BOAUTH A0 aCTUTMAaTUYHOI abepa-
wii. Tomy rpoMeHi 3 pi3HOIO MOJISIpU3allielo (OKYCYIOThCS MTO-Pi3HOMY, TOO-
TO CIIOCTEpiraeThcsl po3(oKycyBaHHSI MPOMEHIB, sIke He OyJI0O BpaxOBaHO
MpY PO3paxyHKy KOMITEHCY04o1 macTuHKu. g crangapty CD BenuuynHa
po3doKycyBaHHsI, 00yMOBJIEHE aHi30TPOMIE€I0 MiAKIAAKA HOCIsI, He TOBUH-
Ho nepeBuiyBatv 100 HM.

BuHaxigHMKaMU 3 METOIO BUPIILIEHHSI 3aBOaHHS MiABUIIECHHS IIIJTBHOCTI
3aMucy Ha ONTUYHUI HOCIH JOBroTepMiHOBOIO 30epiraHHsI JaHUX, KU
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MIiCTUTh MOHOKPHUCTANUHY, HAaIPUKJazA, cardipoBy MiIKIaaKy, BigOuBaio-
YU Ta 3aXMCHUH 1Iapy, BUSBJICHO, 110 IIOCTaBJICHE 3aBIaHHS BUPIIIYETHCS
3a0e3MeUyeHHSIM BigxuiaeHHsT KpuctanorpadiyHoi oci 0001(c) Bim meprieH-
IUKYJIpa IO TJIOIIMHYA ONTUYHOTO HOCis1 y IeBHOMY iHTepBai. [1pu pomy
3aIBHMKOM TaKOX OYyJI0O BU3HAUYE€HO BUMOTHU IO ONTMMAJIbHOTO iHTEpBay
1IIOTO BUKOPUCTAHHS, SIKUM Y CYKYITHOCTI 3 YMOBaMU ISl KyTa BiIXWICHHS
KpucTajgorpadiqyHoi oci MiZKIAAKW Bil MEPIEeHAMKYISIpa 10 IUIOIIMHU
OIITUYHOTO HOCiS MPU3BOIUTH OO0 YTPUMaHHS BEJIMYMHU PO3(DOKYCYBaHHS
y 3a3HaueHMX BUIIE MexXax, HeoOximHux mnst ctanmapty CD. Tak, Oymno
BCTaHOBJICHO, 110 MiAKJIAaAKW 3 TOBIIMHOIO MeHIe 1,19 MM MarmTh Hemo-
CTaTHIO MEXaHIYHY MILIHICTh 1 HE MOXYTb OYTU BUKOPUCTaAHI 1JIsI BUTOTOB-
JIEHHSI OITUYHUX HOCIiB JOBrOTEPMiHOBOTO 30epiraHHs JaHuX. B onTuuHux
HOCIsIX, TOBIIMHA ITiIKJIagKN SKUX TepeBuInye 1,21 MM, BUHMKAIOTh abepa-
il OUTBIN BEJIMKHUX IOPSIKIB, SKi pOOJISITH HEMOXJIMBUM KOMIIEHCAIIIO
JBOIPOMEHE3aJIOMJIEHHSI, BUHMKAIOUOTO B IiAKJIaA1i ONTAYHOrO HOCIs, 3a
JIOIIOMOTO0I0 KOMITEHCYIOUO]I INIACTUHKH.

Hns 1uporo BUHaXiZTHMKaMU OYJIO OTPMMAaHO HACTYITHY 3aJIeXHiCTh IJIS
OLIHKY MaKCUMAaJIbHOTO 3HAYEHHS BiIXUIEHHS KpUcTanorpadidyHoi oci 8¢,
npu IKoMy po3(dOKYCyBaHHSI He IepeBMIIYE 3amaHoro cranmaprom CD
3HAYEHHS:

50 = n~AF<

=—-=x0,3°
h-An~ 777

e n — MOKAa3HUK 3aJIoMJIeHHs carndipy, AF — BenuunHa po3(pOKyCcyBaHHS
npoMeHiB 1y opmaty CD, 4 — ToBIIMHA candipoBoi MiAKIagKK 3 ypaxy-
BAaHHSAM KBapLIOBOI KOMIIEHCYIOUOI IJIAaCTUHKU, A — Pi3HULS ONTUYHOTO
LIJISIXYy MiX 3BMYAHUM 1 HEe3BMYailHUM IIpoMeHsIMU. ToOTO BimxujaeHHS
KpucTajorpadiuHoi oci camdipoBoi MiAKIIagKyM Bif MepHeHIUKYISApa 10
IUTOIIMHY IiAKJIaAK/A He TIOBMHHA NepeBUIlyBaTy 20 KyTOBUX XBUJIMH.
CTpyKTypa ONTUYHOTO HOCIsI IJIs1 JOBrOTEpMiHOBOTO 30epiraHHs JaHUX,
KM CKJIamaeTbes 3 candipoBoi migknaaku I, Ha Ky HaHeCceHYy penabeHY
MiKpOCTPYKTYpY, BiIOMBAOYOTo 1Iapy 2 i 3aXMCcHOro mapy 3, HaBeJeHO Ha
¢ir. 2. Ha ¢ir. 2 cylinbHOI0 TOHKOIO JiHi€I0 300paxkeHa KpucTtajaorpadiuHa
BiCh MiAKJIAaAKU TP HOPMAJIbHOMY MOJIOKEHHI, a IITPHUXOBOIO TOHKOIO JIi-
Hi€o — BigxuiieHa KpucTtajorpadiyHa BiCh Bif, HOPMaJbHOIO TTOJIOKEHHS
Ha KyT 8¢. CyLiTbHOIO XXUPHOIO JIiHI€I0 300paXeHO PO3MOBCIOKEHHSI MPO-
MEHS TPU HOpMaJIbHOMY ITOJIOKEHHi KpucTtajorpadiuHoi oci candipoBoi
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MiAKJIaAKM, a IITPUXOBOIO XUPHOIO JIIHIEID — PO3MOBCIOMXKEHHS ITPOMEHS
MpU BiAXWJIEHHI KpucTanorpadiuHoi oci Ha KyT d¢. Ha ¢ir 2 moxHa crno-
cTepiratv 3MillleHHS (DOKYC Bill HOPMAJIBHOTO TTOJIOKEHHSI.

IIpoBeneHi gociimKeHHsT TTOKa3ajau, 110 MpU 3a0e3NeYeHHi KyTa Bigxu-
JneHHs (mo 20") kpucrtamorpadiyHoi oci MaTepiaay IMIKIagKA Ta TOBIIMHUA
minkiaanky y mexax 1,19...1,21 MM MOXKJIMBE ITiIBUIIIEHHS IIJIBHOCTI 3aITH-
cy iHdopmallii Ha ONTUYHUN HOCIf Ta JOTPUMAHHS BUMOT IIiILHOCTI 3a-
MHUCY, 3 KO 3MIMCHIOETHCS PEECTpAllis TaHUX Ha KOMMAKT-IUCKaxX THUITY
CD-ROM. Ilpu 1poMy MOXKJIMBE J0OIaTKOBE BUKOPUCTAHHS KOMIICHCYIO-
YOl MJIACTUHKU 3 TIPOTUJICXKHUM 3HAYEHHSIM Pi3HUIII MixK TOKa3HUKAMU 3a-
JIOMJIEHHSI MiX 3BUYaliHUM i Haa3BMYAHMM IPOMEHSIMU JUISI OTPUMAHHS
0e3abepalliitHOTro 300paXkeHHSI IMiTiB candipoBoi MigKIagKN.

JIKEPEJIA IHOOPMALIIT:

1. The compact disk handbook, 2nd ed./ Ken C. Pohlmann. - Madison, Wisconsin.
A-R Editions, Inc., 1992. - p.349.

2. United States Patent G 11 B 7/135. Inventors: Kim, Kim, Lee, Park, Song (Lg
Electronics Inc., KR). Assignee: Lg Electronics Inc. (KR) Published: April
18,2001.

3. IMat. 73611 Ykpaina, G 11 B 7/00, 7/24. B.B. Iletpos, B.I1. CeMuHOXEHKO,
B.M. Ilysikos, O.4. Janbko, A.A. Kprounn, C.M. Illanoiino, JI.B. ByreHko,
1.0. Koccko. Hociit mrst moBrorepMiHOBOro 30epiranHs iHgopmartii. 3asBi.
25.04.2003. Omy6s. 15.08.2005. Bromn. Ne 8.
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OOPMVIIA BUHAXOOY

1. OnTuyHMii HOCIA nIJisT JOBrOTEPMiHOBOTO 30epiraHHs JAaHUX, KU
MICTUTh MiAKJIAOKY 3 5 MOHOKPHMCTAJIYHOTO MaTtepialy 3 pellbe(PHOI0 Mi-
KPOCTPYKTYPOIO JIJIsSI KOTYBaHHS 3aIIMCaHOL

iHdopMallii, BinOMBarOUMii Ta 3aXUCHUM II1ap, SIKUKM BiIpi3HIETHCSI TUM,
110 MigKJIaaKa BUKOHAHA TaKMM YMHOM, 10 BiIXWJEHHs il KpMcTajorpa-
¢iuHOI Oci Bim meprneHAMKYJIsIpa 10 TIOLIMHY ONITUYHOTO HOCiS He TIepeBr-
mye 20 KyTOBMX XBWIMH, IPY LIbOMY TOBIIMHA TiAKJIAZKN CTAaHOBUTH
1,19...1,21 MmM.

2. OnTuyHU HOCIH 3a 1. 1, IKWii Bigpi3HSIETbCSA TUM, 1O MiAKIAAKY BU-
KOHaHo 3 cardipy.

3. CucrteMa 3uMTyBaHHS JaHUX 3 ONITUYHOTO HOCIs 3a M. 1, sIKa cKiiaga-
€ThCA 3 JIa3epa, (POKYCYIOUOiTiH3M, CBITJIONOAIILHOTO KyOrKa, 0araTorio-
IagKoBoro orompuitMada, IU@pPaKLiiiHOT IpaTKu, YBEPTbXBUILOBOL
TUTACTUHKU, SKa BiApi3HSIETbCS TUM, IO MiDX (POKYCYIOUOIO JIiH3010 Ta
ONTUYHUM HOCIEM PO3MillIeHO MOHOKPUCTAJIIYHY IIJIACTUHKY, sIka BUKOHA-
Ha TaKUM YMHOM, 1110 Ma€ iHBEpPCHE 3HAYEHHS Pi3HMIII MOKA3HUKIB 3a710M-
JIEHHS 3BUYAMHOTO i He3BMYaHOIO MPOMEHIB IO BiJHOILIEHHIO 10 15 3Ha-
YEeHHs Pi3HMII MNOKA3HMKIB 3aJIOMJICHHS 3BUYAMHOIO i HE3BUYAMHOIO
MPOMEHIB BUCOKOCTa0iTbHOTO MOHOKPUCTAJIIYHOIO MaTrepially MigKIaaKu
ONTUYHOTO HOCIS.

4. CucrtemMa 34MTYyBaHHS JaHUX 3 ONITUYHOIO HOCIM 3a 1. 3, Ka Bigpi3Hs-
€THCS TUM, 1110 KOMIIEHCYIOUY MOHOKPHUCTAIIYHY IJIACTUHKY BUTOTOBJICHO 3
MOHOKPUCTAJIIYHOTO KBaplly, TOBLIMHA SIKOi ckiIanae 62 % + 72 % Bin TOB-
IIMHU MOHOKPHUCTAIIYHOI caripoBoi MigKIaaKu.
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DATA READOUT SYSTEM FROM OPTICAL MEDIA

WO 2014/116194 A4. G11B 7/1365(2012.01); PCT/UA2014/000016.
priority date: a2013 01017 28.01.2013; publication date: 31.07.2014.

Abstract: The invention relates to information technology and can be used
in systems of archival data storage. The proposed system relates to readable
data system which gets the information from the optical disk WORM- type
(one-time recording and rereading) where the substrate is made of a highly-
stable mono-crystalline material. Given system of archival data storage
consists of a laser, focusing lens, beam splitting cube many surface photo-
detector sensor, a diffraction grating and the quarter-wave plate. The system
is distinguished from others in that that between the focusing lens and carrier
information is available a mono-crystalline plate, which has a inverse value
of the difference of the refractive indices of the ordinary and extraordinary
rays to the value of the difference of the refractive indices of the ordinary and
extraordinary rays for substrate of optical disk. For a highly stable optical disc
substrate material for long-term storage and compensating plate for reading
out optical systems is proposed to use sapphire or quartz.

1. System for reading out data from optical media (8), having a substrate
made of highly mono-crystalline material, the system consists of a laser (1),
focusing lens (6), beam splitting cube (3), many surface photodetector sensor
(4), a diffraction grating (2), the quarter-wave plate (5), wherein between the
focusing lens (6) and the optical media (8) is available a mono-crystalline
compensating plate (7) that has inverse value of the difference of the

149



V. V. Petrov, V. P. Semynozhenko, V. M. Puzikoo, A. A. Kryuchyn, A. S. Lapchuk ...

refractive indices of the ordinary and extraordinary rays relative to the value
of the difference of the refractive indices of the ordinary and extraordinary
rays for a highly monocrystalline substrate material optical media (8), at that
the compensating plate (7) has a thickness within 62...72% of the thickness
of the optical media substrate.

2. System for reading out data from optical media of claim 1, wherein the
compensating plate (7) made of sapphire or quartz.

Statement under Article 19(1)

This invention is focused on compensation of constant high birefringence
when the optical disc for long-term data storage has highly stable mono-
crystalline substrate (e.g. sapphire or quartz), characterized by a value (~10-3)
of birefringence.

According to CN 101199010 B [D 1] and JP 2004 245957 A [D3] the
optical disc substrate is made of a polymeric material which has a low
birefringence (~10*). Therefore the applied compensation element can
compensate only low birefringence, which arise not only because of
inhomogeneities of the substrate as well as because of to the stresses in the
substrate caused by the rotation of the optical disc at high speeds.

According to US 6 487 160 B1 [D2] and US 2001/021162 Al [D4] the
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compensating element designed as a liquid crystal cell, which allows one to
modify the characteristics of the compensator according to the magnitude
and direction of the applied external electromagnetic field, and also
depending on the position of the optical head in various zones of the disc.
The compensating element has a large loss due to absorption in the control
semi-transparent electrodes and optical losses in the liquid crystal.
The inventors founds that there was a need to use the mono-crystalline
(e.g. quartz) compensating plate optically assembled with substrate of made
of sapphire. The compensating quartz plate must have certain thickness H,,,,
which must be correlated with sapphire substrate H,, thickness, namely
relationship of H,,,/H,, must have within 0,62...0,72. In the case of deviation
out from this range significant aberration of focused light beam may arise.
Therefore said relationship of H,,/H, included into the claim 1
according to the Art. 19 PCT.
[D1-D5] do not contain any information about high value birefringence
compensation as well as about kind of material and thickness of substrate of
optical disk and can be used only for optical discs with polymer substrates.
Thus, the amendments make it possible to claim that the claimed
invention has an inventive step according to article 33(3) PCT.
At that, the amendments fix certain defects and observations, indicated in
Item VII and Item VIII:
— the claim 1 is in the two-part form in accordance with the Rule 6.3 (b)
PCT,

— the features of the claim 1 and claim 2 are provided with reference sign,

— the claim 1 contain the substrate as a part of the optical media to clarify
the invention. At that, according to the PCT guidelines, section 5.37,
identification of parameters of the first product (system) is possible via
parameters of second product (optical media), which is not a part of
the first product in the case of these products are connected by its use,
the term “inverse value” should be interpreted so that the compensating
plate should have a value of difference in the refractive indexes of the
ordinary and extraordinary beams of approximately equal value of
difference in the refractive indices of the substrate optical media in
absolute value, but have the opposite Sign((An,,,, ~ -An,,,)
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