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Abstract 

GazoGe3,,Te50 thin films deposited by vacuum evaporation on various substrates have been studied for their structural and optical properties. 
The as-deposited amorphous films were crystallized by thermally annealing them. The optical constants of the amorphous films indicate 
semiconducting behaviour (n > k). The optical bandgap (E,) determined from Taut’s plot is 0.7 eV. The change in reflectance on crystallization 

has been utilized to obtain maximum optical contrast by optimising the thickness of the film. 
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1. Introduction 

Erasable optical recording is usually considered as a poten- 
tial replacement for conventional magnetic recording due to 

its high storage density and archival stability [ 1,2]. The two 

leading contenders of erasable optical recording at present 
are magneto-optic and phase-change optical recording. While 

magneto optic recording [ 31 is presently the most matured 
technology, it has a few disadvantages in replacing the exist- 

ing magnetic recording. These include an optical head with 
a lot of components and a poor signal-to-noise ratio. The 

most promising alternative to magneto-optic recording, 

which has received considerable attention in recent years, is 

the erasable phase-change optical recording [ 4,5]. The typ- 
ical phase-change optical recording material is a chalcogen- 
ide thin film that has a stable, compatible and crystalline 
phase, and a metastable amorphous phase with different opti- 

cal properties. The films are switched between these two 
states by means of a focused laser beam, and the recorded 
information can be read-out as an optical contrast [ 63. 

Phase-change optical recording media should have high 
absorption at the writing wavelength, a high optical contrast 
(that is a maximum change in reflectance on crystallization) 
at the reading wavelength and stability of the optical prop- 
erties under normal environmental conditions. Apart from 
these the active layer should have moderate thermal conduc- 
tivity, low melting point, high activation energy, and it should 
form a compatible alloy (without any segregation of the com- 
ponents) or compound [ 71. It is clear from the above that 
the material for use in phase-change optical recording has to 
meet so many different requirements simultaneously. This 
restricts the choice of the materials that can be used. A survey 
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of the literature reveals that most work has been carried out 

on chalcogenide thin films with Te as a major constituent [ 8- 
lo]. Some experiments on Se-based materials [ 111 and non- 
chalcogenide materials [ 12,131 have also been reported. An 

ideal recording medium has not yet been found and there is 
active material research going on in this direction. The present 

study was therefore undertaken with a view to try new mate- 

rials as recording media. Keeping the basic requirements of 

a recording medium in mind, we have investigated thin films 

of GaGeTe. The structural and optical behaviour of these 

films are reported in this paper. 

2. Experimental details 

Appropriate quantities of high-purity (99.999%) constit- 
uent elements sealed in a quartz ampoule under high vacuum 
conditions (lo-’ Pa to lop6 Pa) were kept in a vertical 
furnace at loo0 “C for 36 h. Thin films were deposited, using 

the prepared powder, on ultrasonically cleaned substrates by 
thermal evaporation in high vacuum (1.3 X 10m4 Pa). 
Depending upon the nature of study, a variety of substrates 
(glass, quartz, freshly prepared NaCl crystals and polished 
silicon wafers) were used. Films on quartz and glass slides 
were used for optical studies, NaCl crystals for transmission 
electron microscopy (TEM) and polished silicon wafers for 
compositional analysis and scanning electron microscopy 
(SEM) studies. In order to prepare films under specified, 
identical and reproducible conditions, a precalibrated quartz 
crystal (6 MHZ) FIMS thickness monitor (Edwards, UK) 
was used to monitor the rate of deposition and film thickness. 
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Energy-dispersive analysis of X-rays (EDAX) (Philips 

model No. PV9900) was used for compositional analysis. 
Glancing angle X-ray diffractometer (Giegerflex D/max- 
RB-RU200) was used to analyze the structure of the as- 

deposited and annealed films. A transmission electron 
microscope (Philips CM-12) was used for selected area dif- 

fraction studies and to investigate the microstructure of the 

chalcogenide thin films. A scanning electron microscope 

(Philips SEM-525M) was used to study the surface topog- 

raphy of the films. A double-beam spectrophotometer (Hita- 
chi-330) was employed to measure the optical reflectance 

and transmittance of the films. 

3. Results and discussions 

Thin films of Ga,,Ge,,Te,, obtained by vacuum evapora- 

tion were smooth, coherent (uniform colour on the surface 

of the film) and pinhole free. Films of uniform thickness 

were obtained by optimizing the deposition parameters. Area 
scanning by SEM with an EDAX facility did not reveal any 

significant variation in the composition. The EDAX spectra 

of the bulk and the thin films of Ga,,Ge,,Te,O are shown in 
Fig. 1. 

3.1. Structural properties 

As mentioned, a typical active chalcogenide layer should 

have both a metastable amorphous phase and a stable crys- 

talline phase which can be obtained by thermal annealing of 

the former state. It is therefore essential to investigate the 
microstructure of the as-deposited films and resultant changes 
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Fig. 1. Typical EDAX spectra of the bulk (a) and thin film (b) of 

Ga20Ge30Te50. 
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Fig. 2. X-ray diffraction profiles of (a) an as-deposited and (b) a thermally 

annealed films of GazaGe30TeM. 

Fig. 3. (a) Bright-field transmission electron micrograph of a typical as- 

deposited Ga,,,Ge,,Te,, film and (b) the selected area diffraction pattern. 

on thermal annealing. Fig. 2(a) shows an X-ray diffracto- 
gram (the angle of incidence is 1”) for a typical Ga,cGe,,Te,, 
film deposited at room temperature. There is only a broad 
hump (which is due to diffuse scattering) and no peak cor- 
responding to Bragg’s diffraction condition. The as-deposited 
film is therefore amorphous, which was found to be 
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Fig. 4. (a) Bright-field transmission electron micrograph of a thermally 
annealed Ga,Ge,,Te,, film and (b) the selected area diffraction pattern. 

independent of film thickness in the range, 400-4000 A, 

investigated in our studies. Fig. 2(b) shows the X-ray dif- 

fractogram of the crystallized Ga,,Ge,,TeSo film. 
Transmission electron micrographs of as-deposited 

GaZoGe30Te,o films showed no discernible structure (except 

for voids). The corresponding diffraction pattern exhibited 
diffuse rings confirming the amorphous nature of the films as 

revealed by X-ray diffraction. A typical electron micrograph 
and the diffraction pattern are shown in Fig. 3. On thermal 

treatment of amorphous GazoGe30TeSo films, a distinct struc- 
ture was observed in the transmission mode (Fig. 4(a) ) . The 

corresponding selected area diffraction (Fig. 4 (b) ) shows 
complete crystallization of the films, but does not reveal the 
two distinct phases identified in X-ray diffraction analysis. 

Micrographs of Ga,,Ge,,Te,, obtained from SEM are shown 
in Fig. 5. The typical as-deposited film shows no features 
(Fig. 5 (a) ) . There is however a drastic change in morphol- 
ogy on annealing and a droplet structure (Fig. 5(b) ) is 
clearly seen with an average particle size of 12 p.m. 

3.2. Optical properties 

Fig. 6 shows the measured optical transmittance and reflec- 
tance spectra of a Ga,,Ge,,,Te,, film. In order to determine 
the change in reflectance on crystallization, the optical con- 

trast ratio was determined. The optical contrast ratio is defined 

as [ 141 

contrast ratio = (R, -R,) IR, 

where R, is the reflectance of the crystalline phase and R, is 

the reflectance of the amorphous phase. The measured optical 

contrast at 0.83 pm is 0.23. The film thickness has been 
optimized, in order to obtain the maximum contribution due 

Fig. 5. SEM topographs of (a) an as-deposited film and (b) a thermally 
annealed Ga&e,,Te,, film. 
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Fig. 6. Optical transmittance and reflectance spectra of amorphous and crys- 
tallized films of Ga2,,Ge,,Te,,. 
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Fig. 7. Optical constants of an as-deposited Ga,GeJ,Te,, film. 
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Fig. 8. Spectral dependence of optical absorption coefficient of an as-depos- 
ited Ga,,Ge,Te,, film. 
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Fig. 9. Taut’s plot of an as-deposited Ga,,Ge,Te,, film. 

to interference effects [ 151 at a desired wavelength. The 
optimum thickness was found to be 0.07 Km. The optical 
constants n and k determined using transmittance, reflectance 
and thickness data for GaGeTe films are shown in Fig. 7. The 
n values are comparatively higher than the k value reflecting 

the semiconducting behaviour. The k value increases gradu- 

ally with decreasing wavelength. The high k value reveals 

high absorption coefficient (Y = (4rklA), the variation of (Y 
with energy is shown in Fig. 8. The functional form of absorp- 
tion coefficient (typically > 103) for the band to band tran- 

sitions is often well described by the relation 

(c&v)“*=constant(hu-Es) 

Eg can be thus be obtained by plotting (c&v) “* vs. hv, 

and extending the band-to-band transition region up to a point 

where ,/ahv can be approximated as zero. Such plots are 

referred to as Taut’s plots [ 161. The optical bandgap 

(obtained from Taut’s plot (see Fig. 9) ) for Ga20Ge,oTe,o 
films was 0.7 eV, which is in the range of Eg values of 

semiconductors used for optical recording. 
The major limitation to the method of reflection measure- 

ment is imposed by the state of the surface of the materials. 

It is thus of great importance to ensure that surface layers of 
the material are characteristic of the bulk of the material, and 

are not contaminated by the oxide layer. Some tellurium-rich 
films have been reported [ 171 to become oxidized under 

normal environmental conditions. But the stability, in optical 

properties of the GaGeTe films, observed by us suggests that 

they are not prone to oxidation. 

4. Conclusions 

Our experimental results show the following. 
GaGeTe films exhibit a high absorption coefficient ( > lo4 

cm- ‘) in the visible region. 

An optical contrast ratio of about 0.2 at 830 nm (the 

wavelength of the diode laser normally employed in opti- 

cal recording), can be obtained in GaGeTe films. 
In the range of wavelengths investigated, n is several times 

higher than unity while k is about unity or less. Thus n 

and k values of GaGeTe films represent the semiconduct- 
ing behaviour. 

The above results suggest that GaGeTe films are good con- 
tenders for phase-change optical recording media. 
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