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The applicability of the Ag, Au, Al, and Cr films as the reflective layer of opti-
cal discs for long-term data storage is investigated. Thin metal films are ob-
tained on glass substrate by the method of vacuum thermal deposition. Their
adhesive properties are revealed. As shown, a chromium film is characterized
by the best adhesion to the glass substrate among all investigated ones. Opti-
cal disc for long-term storage is proposed. The information on disk is recorded
directly on the reflective metal film. The information on the positive photore-
sist layer is recorded according to already existed CD standard using laser-
burning station. Then, the mask for following chemical etching of chromium
film is created. Analysis of morphology of recorded pits proves suitability of
the long-term data storage disc to existing standards. Chromium optical disc
created in this way is successfully read in a standard DVD player.

Key words: long-term data storage, optical disc, WORM, chromium film, ad-
hesion.

HocaigkeHo MOKINBICTh BUKOPUCTAHHSA IIiBOK Ag, Au, Al u Cr B AKOCTi Bia-
OMBaJILHOTO IIAPY ONTUYHUX OUCKIB AJIsI JOBroTepMiHOBOTrO 30epiranus iago-
pmarnii. Torki mMeraneBi miaiBku OyJyiy ofep’KaHI Ha MOBEPXHi CKJIAHOTO MiA-
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JIOXKIKSI METOH0I0 BAKYYMHOI'O TEePMiUHOT'O PO3IIOPONIEHHs; O0YJI0 TOCJIiA:KeHO
ixHi axgresifimi BaactuBocti. IlokasaHo, 110 HaWKpaNly aaresiro A0 CKJISHOTO
MiAJTOMKIKA cepel oOOpaHUX MJIiBOK MalOTh ILIIBKM XPOMY. 3aIpPOIIOHOBAHO OII-
TUYHUH OUCK AJA JOBTOTEPMiHOBOIO 30epiraHHsa JaHUX, iHPOPMAIIiio B AKOMY
3amnmcaHo 0e3mocepeHBO Ha BinOmBabHiM MeTasneBil mwiriBmi y ¢opmari cras-
IapTHOT'O OIITUYHOIO AUCKY. B miapi mosutusHOTO (hoTOpPE3UCTy Ha CTAHIIII Ja-
sepuoro 3anucy B (popmati CD O0ysnu 3anucani gaui. Takum unHOM 0yJI0 omep-
JKaHO MacKy JJId HACTYIIHOTO XeMiuHOTO IMaBJIeHHs ILIIBKU XpoMy. AHamisa
mopdoJiorii 3anucaHUX MiTiB mOKasaja ix BigmoBimHicTh cranmapty. CTBOpe-
HUM XPOMOBUH AUCK AJA HOBTOTePMiHOBOrO 30epiranusa ingopmarlii 6yao yc-
MiNTHO BiATBOPEHO Ha cTaHAApPTHOMY IporpaBaui DVD-nuckis.

KarouoBi caoBa: mosrorepminoBe 30epiramus imdopmarnii, onTuuHuii gUCK,
WORM, meTasneBa miiBKa, afresis.

WccrnenoBata BO3MOMKHOCTh IpuUMeHeHUA MIEHOK Ag, Au, Al u Cr B KauecTBe
OTPAaKAaIOIINEero CJoA ONTUYECKUX MAUCKOB IJis MOJTOBPEMEHHOTO XpaHeHUSA
nHpopMmanuu. ToHKKE MeTalIndYecKye MIEHKY ObLIN IOJYYeHbl HA IIOBEPXHO-
CTHU CTEKJIAHHON HOAJIOMKKM METOLOM BAKYYMHOI'O TEPMUYECKOT'0 HAIIBLICHNS;
U3yUYeHbl UX aAre3sroHHBIe cBoiicTBa. IloKasaHo, UTO HAMJyUIel aaresuei K
CTEKJITHHOI MOAJIOMKKE CPeIU MCCIeNYyEMBIX IJIEHOK o0JiafjaeT IJIEHKA XpoMa.
IIpenioxeH ONITUYECKUH AUCK AJIA TOJTOBPEMEHHOTO XPAaHeHUA TaHHbIX, WH-
dopmaus B KOTOPOM 3amurcaHa HeIIOCPEeICTBEeHHO Ha OTPaKaIoIeil MeTalIn-
YeCKOH IJIEHKe B (popMaTe CTaHIAPTHBLIX OITHYECKMX OUCKOB. B cioe mosu-
THBHOTO (poTOpesucTa Ha CTAHIIUU JasepHoU 3amucu B (popmare CD Obiiu 3a-
nucaHbl fanuble. TakuM o6pasoM, ObLIA MOJyUYeHA MacKa [IJis IIOCJIeAyIOIIero
XUMUYECKOTO TPaBJICHUS IJIEHKU XpoMa. AHaan3 MOP(OJJOTUN 3aTUCAHHBIX
MIUTOB MOKA3aJ UX COOTBETCTBUE cTaHAapTy. CO3MaHHbBIM XPOMOBBIA JUCK AJIA
IOJTOBPEMEHHOTO XpaHeHus WH(oOpMAaIuu ObIJ YCIIEIITHO BOCIPOUW3BEAEH Ha
cTaHIapTHOM IIpourpeiBaTesae DVD-auckos.

Kiarouessie cioBa: OJTOBpeMEHHOE XpaHeHHe HH(GOPMAIMM, OITHYECKUH
nuck, WORM, meTajimndyecKas MJIEHKA, aAre3ns.

(Received September 17,2015, in final version, October 27,2015 )

1. INTRODUCTION

The task of reliable long-term storage of information has always been
one of the most important tasks of human development [1, 2]. The
long-term data storage must correspond to following demands: longev-
ity, capacity, viability, non-obsolescence, and cost [3]. Widespread op-
tical discs have sufficient capacity and low price. However, they can-
not provide longevity and viability due to following factors: non-
stability and not sufficient mechanical strength of a substrate, and bad
adhesion between layers. As well known, interference structures made
of different kind of materials may change optical properties of a com-
pact disc (CD) while external condition of storage varied (temperature,
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humidity, etc.)[3, 4]. These factors cause losses of recorded data.

In order to readout a signal from the optical disc, its surface must be
covered with a reflective metal layer. Such reflective layer must be
characterized by high adhesion to the substrate material, has a suffi-
cient light reflectance and do not change their optical and mechanical
properties over time [2]. The most manufacturers of optical discs use
polycarbonate substrate with Al film reflective layer deposited onto it
[4]. Some producers deposit Ag or Au film layer on a surface of an opti-
cal disc in order to increase its durability. However, above-mentioned
metal films are characterized by a very low adhesion to a polycarbonate
substrate. That is why joining of metallic reflective film and a sub-
strate is provided only by using protective specific lacquer layer. Note
that partial or complete removal of reflective layer takes place in the
case of damage of the protective lacquer.

Information may be stored in the form of micro-relief on the surface
of the transparent high-stable inorganic substrates, which are charac-
terized by comparable high resistance to chemically active environment
and ability to withstand relatively high temperatures [2]. Thus, optical
carriers for long-term data storage based on sodium and silica glasses or
sapphire were described in many publications [4—7]. The principle of
digital data recording on optical media for long-term data storage is
based on the similar technology as used to create a master-disc for mass
production of optical media; its data format is fully consistent with
standard CD and DVD. However, such high resistance of substrate re-
sults in relatively complex and costly methods of information recording
based on ion-beam etching or femtosecond pulse laser using.

An alternative method for long-term data storage is the ablative re-
cording, during which the recording material is evaporated by the la-
ser radiation. This type of information recording is used in many types
of WORM (Write Once Read Many) media. Disadvantage of such data
carriers is thermal sensitivity of recording layer [8]. Therefore, it is
reasonable to write directly on the metal layer. Namely, we propose to
combine reflective and recording layers in a single layer, which should
have good adhesion to the substrate material. This may improve the
overall reliability of the optical recording medium and reduce the
probability of separation during its usage.

Therefore, the first objective of work is to design the optical media
for long-term storage with information recorded directly onto metal
film which has high adhesion to the glass substrate. The second objec-
tive is that the information must be readout on a usual optical disc
player.

2. EXPERIMENTAL

In order to achieve these objectives, it is necessary to obtain metal
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films with the same thickness, which are used or may be used for opti-
cal discs fabricating and compare their adhesion to glass substrate sur-
face. High adhesion receives in metal films, which are actively oxi-
dized, when deposited on a glass substrate, such as chromium, magne-
sium, zirconium and others [9, 10]. Then, Ag, Au, Al and Cr metal
films have been chosen for further investigations. One of the main rea-
sons for good adhesion is careful chemical treatment of substrates be-
fore film deposition [9]. Sodium glass substrates were cleaned succes-
sively in an ultrasonic bath, liquid acetone, and isopropanol then pro-
cessed into high-voltage discharge in vacuum chamber. Metal Ag, Au,
Al and Cr films were deposited by thermal evaporation in similar con-
ditions from resistive heated boat at temperature of substrate T'=20°C
and pressure P=107°Pa. Thickness of obtained films was closed to
60 nm and was controlled during deposition by measuring of light ab-
sorption. Adhesion of films was determined by the required load to
scratch coating [9]. The adhesion of each sample was measured imme-
diately after removal from the thermal annealing chamber and period-
ically during 600 hours. Between measurements, the samples were
stored in a desiccator.

Proposed metal film must be characterized by at least 20% reflec-
tance for reliable reading [4]. Performed studies of adhesion of select-
ed metal films showed that Cr film is most applicable for glass optical
disk for long-term data storage. Then, the question of applicability of
Cr thin film for optical disc production requires additional detailed
study of its reflection. Optical properties of metal film significantly
depend on its structure affected by film thickness and substrate tem-
perature during deposition. Then, Cr films with different thicknesses
were additionally obtained on unheated and heated glass substrates for
further reflection studies. Reflection were obtained using modified
LEF 3M-1 ellipsometer. The ellipsometric measurements were carried
out with A =632.8 nm wavelength [11]. The angle of incidence of the
light at the sample surface was close to the principal angle. The diame-
ter of the incident light beam was 3.5 mm. The reflection was calculat-
ed from the values of the ellipsometric parameters[11].

Positive organic photoresist ‘Shipley 1805’ has been used for mak-
ing a mask. Films of the photoresist were obtained using a centrifuge
with the rotation speed about 2800 rpm and then they were annealed at
T =90°C during one hour. The thickness of the composite film was
150 nm, which was enough for the process of chemical etching. Infor-
mation layer on the surface of the disc was patterned using master disc
laser burning station [2]. Chemical etching of chromium film was per-
formed using 20% solvent of CeSO,, which was poured on a substrate
rotating at 100 rpm for 2 minutes. After etching, photoresist was re-
moved using alkaline solution of 2% KOH for 10 hours. Testing of
reading-out quality of recorded glass disc was performed using Nero
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7.0 CD-DVD speed tool. Atomic force microscopy was performed using
atomic force microscope of NanoScope, Dimension 3000 TM.

3. RESULTS AND DISCUSSIONS

Results of critical load of different metallic films on sodium glass are
presented in Fig. 1. It was found that such metals as Au and Ag are
characterized by weak adhesion to a glass substrate and can be easily
removed from it under weak required load (Fig. 1). Note that adhesion
of Au does not change with a time. This is being caused because Au is
noble metal and hardly can be oxidized, so it must be characterized by
relatively poor adhesion to the glass surface [9].

Chromium is well known material, which is characterized by good
adhesion to silica glass as it seen from Fig. 1. Adhesion between Cr film
and a glass substrate reaches high values immediately after film pre-
pared and exceeds 100 g. During the next 100—200 hours, critical load
of Cr film towards glass increases and reaches a maximum of 500 g.
This value is more than 50 times higher than for Ag film deposited on
glass substrate.

It must be noted that chromium film was not removed completely by
testing set. Thus, the Cr film can be used to create media for long-term
storage. The use of the protective layer in this case is only necessary
for protection against impurities.
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Fig. 1. Critical load of Ag, Au, Cr and Al metal films to glass substrates versus
time.
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Reflection of Cr films with different thickness obtained on unheated
and heated glass substrates was studied as well (Fig. 2). Revealed data
demonstrate that reflection value level varies from 30% to 60% . Films
deposited on the heated substrate are characterized by higher reflec-
tion. However, difference between films obtained on the surface of
substrates with 100°C and 180°C is not significant. All films with
thickness more than 30 nm demonstrates values of reflection equal
40% and higher that is sufficient for long-term data storage discs.

Deposited Cr film is used not only as a reflective layer, but also as a
recording one. Thereby, next step was chemically etching of Cr covered
samples. Thickness of Cr thin film was =50 nm. The result is shown on
Fig. 3. Atomic force microscopy revealed that width of a pit was
=0.8 um; a track pitch was =1.6 um. In addition, one can see on the pic-
ture small white spots, which obviously are connected with remains of
photoresist. A pit has a good rectangular shape, which is reproducible
for different pits (Fig. 4).

Test quality reading sectors from the surface resulting CD (Fig. 5)
showed that 99.8% of sectors can be red without any error, 0.2% have
errors associated. These errors are concentrated in only one region of
the disc, which is at the start of the recording, so it could be caused by
mechanical scratches on photoresist mask. This means that the in-
creased width of the pits for this type of record does not have a signifi-
cant impact on the quality of the recording.

The maximum speed-reading received CD was 8,04X corresponding
to 1200 kb/s. Thus, the developed method of manufacture was set up
optical media for long-term storage of information in a standard for-
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Fig. 2. Reflection of chromium films deposited on glass substrates with dif-
ferent temperatures and thickness.
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mat CD that played on standard CD players and DVD, and the error
rate in the signal reproduction, which does not exceed the maximum
allowed level.
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Fig. 3. AFM image of chemically etched Cr optical disc.
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Fig. 4. Pits’ cross section.
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Fig. 5. Quality of written sectors.

4. CONCLUSIONS

We proposed using Cr film as the reflective layer of the optical record-
ing medium for long-term data storage. It was shown that the adhesion
of the chromium film might exceed more than 50 times that of the Al
film.

It was shown that recording information in the film of Cr could be
fulfilled by means of chemical etching. The possibility of combining
the recording and reflective layers of optical media for long-term data
storage was revealed.

Obtained chromium WORM disc for long-term data storage with
0.8 um a pit width, 0.8 um track pitch and 50 nm a pit depth was suc-
cessfully read by standard DVD-player with 0.2% of errors.

The results of investigations presented in this article were obtained
due to the support of the High-end Foreign Expert Program of China
No. GDT20153300054.
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