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OPTICAL MEDIA FOR INFORMATION RECORDING BASED ON
AMORPHOUS LAYERS OF Sb-Se-In SYSTEM
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Photocrystdlization, amorphization and conditions for optical information recording on
amorphous layers of Sb—-Se-In system (Sb-Se and Sh,Se;—InSh section) are reported. The
influence of thermal annealing on the structure and properties of filmsis evidenced.
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For primary optical recording and erasure the photothermal processes in which the absorbed
light energy is transformed into heat and causes thermaly stimulated phase transition in a light-
sensitive medium are widdy used in memory discs. The reversible recording on active layers of
chd cogenide materials is mainly performed by using ,,amorphous state | ~ amorphous state 11”
(reaction 1) and ,amorphous state — crystaline state’ (reaction 2) transitions [1-3]. The
redistribution of chemical bonds with the change in the short- and middle-range atomic orders of
amorphous state takes place during thereaction 1 [4-5] and optica properties of light-sensitive layers
(transmission, refraction, refractiveindex) are strongly influenced.

The most studied media in which under irradiation the reaction 1 is realized are the media
based on arsenic cha cogenides possessing a high ability to photostimulated structural transformations
[1,6]. The optical media in which recording — re-recording is performed by the reaction 2 are less
studied. In this aspect non-toxic light-sensitive layers based on antimony chal cogenides are of great
interest.

In an earlier paper [7] we reported on the peculiarities of preparation and properties of glassy
antimony chal cogeni des.

Here we report the results of the studies of glass-forming, amorphization range and the
information recording conditions for the amorphous layers of Sb-Se-In system (Sb-Se and
Sh,Sex— nSh sections were studied). The critical rates Q of the melt cooling are calculated in order to
predict the formation of glasses and amorphous films in the Sb—Se-In system, to estimate the effect of
various Kinetic and thermodynami ¢ factors on the glass-forming and amorphization process, as well as
to determine the conditions of their obtaining. The critica cooling rates Q, at which during the whole
period of cooling only a very small fraction (z = 10™°) of its volume can crystallize, were calculated
according to the Uhlmann approach [1] based on the Kol mogorov-Avraami equation

z=mU"3
Here | is the homogeneous nuclestion rate, U — the crysta growth rate. According to [7] the

exposition time, T, during which at the temperature T the fraction of the crystaline phase reaches the
value z, is given by
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Here A is the dementary displacement of the crystal-glass interface, a — a dimensionless
coefficient, equal to about 0.2 for cha cogenides [8], R — the gas constant, T, — meting temperature,
AH, — variation of enthalpy at crystallization, AT = (T, — T) —the liquid overcooling temperature, n—
number of molecules per unit volume, n — the viscosity of the non-assocoated liquid with spherical
particles of a diameter d. For the investigated samples the value of n a T = 293 K from the interval
Tm — Ty (Tq is the glass-forming temperature) was estimated from the Williams-Landel—Ferry
equation [9]

1 T—Tg (2)
=1y exp ——
¢ [ ng—ToKo]

where ng — is the melt viscosity at T, which for the majority of glasses is equal to 10"°-10" Pals,
fg — the fraction of fluctuation free volume at Ty, Ko = (1 + VInfg) — a dimensionless coefficient,
weakly dependent on the glass nature (Ko = 0.68). The solution of Eq.(1), the determination of the
minimal value T, and the corresponding overcooling value AT ., from vhich Q was estimated (Q =
AT min/ Tmin), Were perfomed by the method, given in [10].

The calculations have shown that in order to obtain Sh,Se;  glasses (0.01 < x < 0.05) one
requires the cooling rates [0 10-30 K/s. With the increase of Sb content in the glasses Q increases
(e.g., for obtaining Shy 10Sen00 glassy dloy the rate of (180 K/sis required, and for Sy 2sSey 75 alloy —
0250 K/s). Having applied such aloy cooling rates, we have obtained in evacuated quartz ampoul es
Sh,Sey  (x < 0.25) glassy aloys. These glasses possess enhanced crystallizability [8]. In In-Se system
the glass-forming range extends to 12 at.% In.

Glassy Sb,Se; can be obtained only at the cooling rates [10° K/s. Such rates can be achieved
by the alloy spinning or its thermal sputtering onto a cool substrate [11]. The latter technique enabled
Sh,Se;,_« amorphous films with anti mony content up to 70 at.%, possessing high photocrystallizability,
to be obtained. Similar rates are required for obtaining non-crystalline alloys of Sh,Se;—nSb section
(Q = 1.010*-2.510° K/s). Thus determined ranges of glass-forming and amorphization in Sb-Se-In
system are shown in Fig.1. At such cooling rates amorphous (Sb,Ses)«(InSh), layers with InSh
content up to 80 mol.% can be obtained. The amorphization range ind udes aso 1Ny 35Shg 4556y 20 aloy,
which is the most efficient for information recording.
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In 25 50 75 at.% Se

Fig. 1. Glass-forming range (1) and amorphization range at Q = 10° K/s (1) in the Sb-Se-In system.



Optical mediafor information recording based on amorphous layers of Sh-Se-In system 1195

Amorphous Sh,Se;  films with 0.40 < x < 0.70 were obtained by thermal sputtering in the
vacuum of 5x10° Torr onto glass substrates. The film thickness in the course of sputtering was
measured by interference-modul ated optical absorption of the film at the wavdength A = 1.15 um,
and after the sputtering — by an interference microscope MII-4 and was 0.3 pum (at the studies of
thermal annealing) and 0.1-0.05 um (for the experiments with nanosecond laser pulses).

Thermal anneding of the films was carried out in an ampoule with argon atmosphere, the
average heating rate being 3.50 K/min. For the given hedting rate the temperature Ty, of the
amorphous film phase transition to the policrystalline state was determined, corresponding to a sharp
decrease of the film optica absorption at the given wavelength A = 900 nm [12]. The compositional
dependence Ty, of Sb,Se films is given in Fig. 2. With increasing content of antimony in the
composition of films the phase transition temperature is seen to decrease

Photocrystallization of the amorphous films was achieved by a focused beam of He-Ne laser
(A =632.8 nm) and determi ned from the refl ectance variation. The studies enabl ed us to show that the
maximal difference of reflectances for the films in the crystalline and amorphous states was reached
for the films with x = 0.65.
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Fig. 2. The compositional dependence Ty of SbSe 1.« films.

In (ShySe;)«(INSh)1« system the difference in the reflectances of the crystallized and
amorphous areas increases with InSb content increase and is maximal for 1ng35Sbg 4556020 COMposition
(x = 0.30). It should be noted that the refl ectance difference in (Sh,Ses)«(INSh),« filmsis severa times
higher than in Sh,Se,  films.

Photoinduced amorphization of the crystallized films of the Sb—Se-In system was carried out
by a single YAG:Nd**-laser pulse, reaching the film through the substrate with A = 1.06 um and
duration T =15 ns.

The studies of the conditions of optical information recording on the amorphous layers of
(Sh,Sey),(InSh),« have shown that a 1-pm-focused laser beam (A = 750 nm) results in the
crystallization of theilluminated areas of the amorphous layer. The power of the exposing pulse P is
5-18 mW, depending on the film composition, the lowest P, vaue being revealed for
(SheSes)030(INSh)o.70 film. In Sb-Se system the information is recorded only on the layers with Sh
content not less than 25 at.% and at the laser light power, capable of burning holesin the active media
(Table 1). Hence, the erasure of information in Sh,Sey films is aso encumbered.
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Table 1. Parameters of record-read-erase processes for the active reversible media.

Composition Prec, MW A, Nm P, mW Per, MW K, %
S 25Se0,75 40 680 10 - 5
Sbo 408060 30 680 5 - 10
| n0’15330’43$)’42 18 750 3 12 16
1N 35S000,4556 20 5 750 1-2 8 43

The studies of videodisks by dectron microscopy have shown that the crystalized videodisk
tracks on the base of (Sh,Ses)s0(INSh)o70 aloy contain a 0.9-1.1-um wide central stripe with the
crystal grain size of 0.30 um, and intermediary stripes, neighbouring with the amorphous tracks
(Fig. 3). The width of the intermediary stripes is 0.32-0.35 um, and the grain size in them
(0.008-0.025 pum) increases towards the middle of the crystalline track. The distance between the
closest boundaries of the central stripes of two neighbouring crystallized tracksis (J1.75-1.85 pum.

The amorphization of the crystallized films occurs under the erasing laser light of much
higher power (Table 1). The structure and optical properties of the amorphized films are the same as
those of the as-deposited films.

,
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Fig. 3. Amorphous and crystallized aress of active layers of (Sb,Se;)«(InSh);«-all oy-based
videodisks (multiplication x11500).

The studies of the effect of therma annealing on the structure and properties of
(Sh,Ses)«(InSh);_ films have shown that annealing of the crystalized film at the temperature 640 K
does not result in an essential change of its phase composition. Annealing of an amorphous area a the
same temperature results in its crystallization with the emergence of the same metastable phase, as
under the exposure to laser light. The reative stability of the crystalline and amorphous phases points
out to the possibility of recording and re-recording of information and its durable storage.
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